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REPORT ON THE TREATMENT OF FIFTY-EIGHT CASES 

OF EPIDEMIC POLIOMYELITIS WITH IMMUNE 

HORSE SERUM 

E. C. Rosenow 

Mayo Foundation, Rochester, Minnesota. 

It is my purpose in this paper to report in detail the results obtained 
from the serum treatment of 58 cases of poliomyelitis which occurred 
in Davenport, Iowa, and the surrounding locality during the latter 
part of the summer and in the autumn of 1917. 

The details of the immunization of the horse whose serum was 
used, the effect of this immune serum on the virus of poliomyelitis in 
vitro, its protection and curative power against experimental polio- 
myelitis in the monkey, its agglutinin and other antibody content, 8 and 
its effect in 44 cases of human poliomyelitis, have already been pub- 
lished. 9 Suffice it to point out here that the horse was injected at 
intervals (from Nov. 2, 1916, to May 1, 1917) with increasing doses 
of pure cultures of the pleomorphic streptococcus isolated a short time 
previously from the central nervous system of monkeys paralyzed 
with virus. Altogether the growth from 42,200 c.c. of broth were 
injected. 

DIAGNOSIS 

The diagnosis was made in the cases treated on the combined clin- 
ical and spinal fluid findings. All patients presenting symptoms of an 
acute infection with unusual evidence of involvement of the central 
nervous system were subjected to spinal puncture. If the sipnal fluid 
was under increased pressure, if it was clear or only slightly turbid, 
and if it contained an abnormal number of cells — chiefly mononuclear 
— and an increased globulin content, as determined immediately at the 
bedside by a count and Noguchi's globulin test, the diagnosis of polio- 
myelitis was made and the serum was given at once. 

In all cases there was more or less fever, often high at the onset, 
which usually began without a chill. Gastro-intestinal symptoms were 
pronounced in the epidemic and were frequently initial, especially in 
children. Vomiting and diarrhea occurred in most instances and per- 
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sisted in some. At first the vomitus contained undigested food though 
later, in the severe cases, it contained large amounts of mucus and 
coffee-ground material. There was a great deal of mucus in the stools, 
and at times blood and bloody pus. The pulse rate was unusually 
rapid and out of all proportion to the evidence of general intoxication. 
Headache, irritability and restlessness, followed by abnormal apathy 
or drowsiness, tremor, twitchings of various muscles, pain in one or 
more extremities or in the back or neck, ataxia, retraction of the head, 
rigidity and tenderness of neck and spine, disturbed reflexes, and 
Kernig or Babinski signs, were the chief symptoms which usually pre- 
ceded the onset of paralysis and led to the tentative diagnosis of polio- 
myelitis and immediate spinal puncture for further diagnostic tests. 

TECHNIC OF TREATMENT 

In making the spinal puncture a needle of the usual type but 2 cm. 
shorter, with a sharp, polished edge was used. In babies the puncture 
was made through the interspace, one, two or three spaces higher, 
depending on the age of the patient, than the one on the level of the 
crest of the ilium. A point just below and a little toward the side on 
which the patient was lying was selected for the puncture. The skin 
was sterilized with iodin or alcohol. The needle was inserted slowly 
through the skin and then carefully through the deeper layers, directing 
it slightly upward and aiming for the median line. The puncture was 
made just through the dura which can easily be felt. In this way 
trauma and pain were reduced to a minimum and the fluid was obtained 
without the admixture of blood. The fluid was made to flow slowly 
and only moderate amounts were withdrawn. The intravenous injec- 
tions were made through a fine needle (20-23 caliber) with 10 or 20 c.c. 
syringes of the Liier type. Superficial veins at the bend of the elbow, 
about the wrists, ankles, or dorsum of the hands were used chiefly. In 
babies the injections may be made in the jugular vein. 

The serum used was obtained from the horse on May 16. It agglu- 
tinated homologous and heterologous strains of the pleomorphic strep- 
tococcus in dilution up to 1-100,000 and protected monkeys against 
virus. It was preserved in the icechest after adding 0.2% purified 
cresol. Aerobic and anaerobic cultures proved sterile on repeated 
occasions. Previous to administration it was usually activated with 
guinea-pig complement by adding 1 part of fresh guinea-pig serum to 
9 parts of the serum, thoroughly mixing and incubating at 37 C. for 
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1 hour.* To facilitate slow injection and a more rapid diffusion in the 
blood, the activated serum was diluted with equal parts of 0.85% salt 
solution. The injections were made slowly intravenously, not later 
than 36 hours after activation. About 1 c.c. of serum or 2 c.c. of the 
diluted serum were injected per minute. The dose was varied accord- 
ing to the age of the patient and the severity of the symptoms. The 
dose as reported in my preliminary report was practically doubled later 
and with seemingly greater benefit. Inquiry as to whether or not the 
patient had had diphtheria or tetanus antitoxin or horse serum was 
made in each case. If any of these serums had been given the patient 
was first desensitized, provided his condition allowed it, by injecting a 
small amount (0.5 c.c.) subcutaneously or 0.25 c.c. intravenously, one- 
half to 2 hours previously. Babies up to 2 years of age were given 
from 5-15 c.c. of serum, that is, 12-30 c.c. of the diluted serum; chil- 
dren from 2-5 years, 10-20 c.c; from 5-12 years, 15-30 ex.; from 12 
years up, 20-50 c.c. All patients with a positive diagnosis and in whom 
the disease was still active were given the serum treatment irrespective 
of the severity or type of the disease. The injections at first were 
usually given once in 24 hours. Later they were repeated in from 4, 
8, 12, to 24 hours as necessary. The return of fever and high pulse 
rate after the initial drop which occurred commonly and the return of 
symptoms referable to the central nervous axis ( irritability,. twitchings, 
pain in extremities, rigidity of neck, etc.) after a primary disappear- 
ance or diminution, or the persistence of these symptoms, were con- 
sidered indications for the giving of more serum.** 

Group 1. Cases Showing No Paralysis at the Time of Serum Treatment 

Case 936.— K. K., a boy, aged 9 years. (Patient of Dr. W. Matthey, 
Davenport, Iowa.) 

Sept. 1, 4 p. m. — The boy had had diarrhea 2 days before. Headache, rest- 
lessness, and fever began the previous day, and he was unable to sleep during 
the night. He had an attack of vomiting in the morning which persisted most 
of the day. There was tingling and a numb feeling in the hands. He was 
irritable and nervous, the head was retracted and the knee jerks were exag- 
gerated. The throat was red and hyperemic; the tonsils were large, especially 
the right; the cervical gland outside the right tonsil was also enlarged. There 
was no evidence of weakness. The temperature was 101, the pulse 120. A spinal 

* Dr. George Braunlich, who carried on the treatment after October 1, reports getting 
apparently as beneficial results with the serum directly injected unactivated as with the 
activated serum. Hence, injection of the serum without activation, preferably diluted with 
equal parts of salt solution, is recommended in instances in which activation would consume 
valuable time or be impracticable. 

** I wish to express my appreciation to the physicians for their cooperation, to Dr. 
W. H. Rendleman, in particular, for notifying me of the epidemic, to Dr. George Braunlich 
for continuing the treatment, and for the use of the pathological laboratory at Mercy Hospital. 
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puncture was made; the fluid was under moderate pressure and 15 ex. were 
obtained. Cell count 60, globulin test H — h Ten c.c. of serum were given. 

Sept. 2, 9 a. m. — The headache continued into the night; the temperature by 
midnight was 103 F. The headache and temperature then rapidly disappeared. 
There was no weakness and the child felt well. 

This patient made a complete recovery without evidence of paralysis. 

Case 944— M. R., a boy, aged 11 years. (Patient of Dr. R. R. Kulp, 
Davenport, Iowa.) 

Sept. 7. — There had been general irritability and restlessness with persistent 
headache and high fever ranging from 102.5-104 for 4 days previously. The 
child vomited 4 days before and complained of a sore throat, stiffness in the 
neck and severe pain in the back, especially when trying to get up. He was 
delirious part of the time at night. The throat and tonsils were unusually red, 
but there was no cryptic material and no pus was expressed. 7 p. m. — There was 
a moderate stiffness of the neck and back. Attempts at flexion caused pain. The 
left knee jerk was diminished, and the right exaggerated. There were no twitch- 
ings, but a moderate mental apathy. The temperature was 104.4. A spinal 
puncture was made; the fluid was under pressure and 15 c.c. were obtained. 
Cell count 16, globulin test +. Twelve c.c. of serum were given. 

Sept. 8. — The white blood count was 18,000 ; Widal test negative ; temperature 
103 F. No paralysis could be made out. The general condition was about the 
same. 

Sept. 9.— The temperature was 100 ; the child felt better and looked brighter 
but still complained of some stiffness of the neck. The pain in the back had 
disappeared. The right knee jerk was normal, the left was still somewhat 
sluggish. 

Sept. 10. — He felt perfectly well and there was no paralysis. 

Sept. 23.— A typical attack of serum disease occurred following overexertion 
the previous day. 

Oct. 15.— The child was perfectly well. There was no paralysis at any time. 

Case 950.— M. C, a girl, aged 2 years. (Patient of Dr. F. Neufeld, 
Davenport, Iowa.) 

Sept. 12.— She felt well until 2 days previously in the afternoon, when she 
became unusually restless and iater drowsy. She was very drowsy and sleepy the 
next day; slept most of the time with the head retracted. The mother became 
alarmed because of peculiar jerkings of the muscles of the arms, especially when 
the child was asleep. 8 : 30 a. m — The temperature was 101.5. There were 
twitchings of the muscles of the hands, she was tremulous on getting up and 
ataxic in walking. She slept most of the time. 12 m— The temperature was 
101.5. The head was retracted, the neck stiff, and the knee jerks exaggerated. 
She was tremulous and there were twitchings of the muscles of the arms. No 
weakness was demonstrable. A spinal puncture was made and the fluid found 
under pressure. Cell count 150, globulin test +. Six c.c. of serum were given. 

Sept. 13, 8 a. m— She slept most of the night, with slight twitchings. The 
temperature was 98.8, the pulse 110. 

Sept. 14.— She appeared well; the temperature was 98. She slept well all 
night and was bright and happy the next morning. No weakness was evident. 

Oct. 15. — Attack of urticaria 1 week following injection of serum. Perfectly 
well. 

Case 953.— N. W., a boy, aged 3 years; brother of Case 948. (Patient of 
Dr. F. Neufeld, Davenport. Iowa.) 
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Sept. 13. — The child was well until the previous night, when he seemed 
feverish; the temperature was 100.5. He vomited at 11 o'clock and then slept the 
balance of the night. He was drowsy all the next forenoon. 12 m. — There was 
a slight rigidity of the neck. The tonsils were hyperemic and large ; no attempt 
was made to express pus. There was an enlarged lymph gland on either side 
just outside the tonsil. The right knee jerk was exaggerated, the left diminished. 
Kernig was evident on both sides. There was twitching of the muscles of the 
right hand and fingers. The child appeared abnormally drowsy. The tempera- 
ture was 101.5, the pulse rapid. There was no weakness. 12 :30 p. m. — A spinal 
puncture was made, with spurting of fluid and 10 c.c. were obtained. Cell 
count 18, globulin test +. Ten c.c. of serum were given. 1 : 30 p. m. — The child 
appeared brighter, was interested in surroundings, smiled and appeared quite 
normal. The rigidity of the neck was less marked. 7 p. m— The patient was 
bright, talkative and alert. Supper was eaten with relish. The temperature 
was 101. 

Sept. 14. — He appeared well. The temperature was 99. The knee jerks were 
normal. Rigidity of the neck and Kernig were absent. There was no weakness. 

Oct. 15. — The child was perfectly well. 

(Temperature and pulse curves, Chart 1.) 

Case 954.— A. J., a boy, aged 9 years. (Patient of Dr. F. Neufeld, 
Davenport, Iowa.) 

Sept. 13. — He had had headache in the afternoon 4 days before, followed by 
pain in the back of the neck, and high fever. The next day he had pain in the 
abdomen followed by severe diarrhea a day later. He had no appetite. 4 p. m. — 
The temperature was 103, the pulse 134. The tonsils were large and pus was 
expressed from the left with slight pressure. They were diffusely red and there 
was 1 large lymph gland adjacent to each tonsil. The teeth were normal. The 
abdomen was diffusely tender on deep pressure. There was no tenderness at 
McBurney's point. The knee jerks were normal on the right side, but sluggish 
on the left; response was obtainable only on reinforcement. There was twitch- 
ing of the hands and a slight ataxia in walking. The back and neck were held 
rather rigid and the Kernig sign was present. A spinal puncture was made ; the 
fluid was under moderate pressure and 3 c.c. were obtained. Cell count 11, 
globulin test +. Twelve c.c. of serum were given. 

Sept. 14, 8 a. m. — The temperature was 99.4. 6 : 30 p. m. — The temperature 
was 100.2 F., the pulse 112. The right knee jerk was normal, the left still 
weak. The child appeared well. The headache had disappeared; the stiffness 
of the neck and Kernig sign were absent, and he walked without difficulty. 
There was no ataxia or weakness. 9 : 10 p. m. — Five c.c. of serum were given. 

Sept. 18. — The temperature was normal. There was no weakness and the 
boy appeared well. 

Sept. 24. — The child had felt perfectly well until the morning when a typical 
mild attack of appendicitis developed, from which he recovered without surgical 
interference. 

Oct. 15. — Recovery was complete. 

Case 956. — G. M., a boy, aged 5 years. (Patient of Dr. F. Neufeld, 
Davenport, Iowa.) 

Sept. 13. — The patient was well until 4 o'clock in the afternoon, when he went 
into the house complaining of a severe headache. He became very ill shortly 
afterward and at 8 : 30 that evening was tremulous, vomited, and had severe 
diarrhea. The temperature was 103 F., the pulse 145. 12 p. m. — He was lying in 
bed with head retracted and was very dull mentally. He could be aroused but 
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would promptly fall back to sleep. Attempts at flexion of the head caused pain. 
The Kernig sign was elicited on both sides. The eyes were dull. He was 
tremulous and there were twitchings of various muscles. The tonsils were 
normal in size and the pharynx was normal. The knee jerk on the right side 
was exaggerated. There was no weakness. The child appeared extremely ill. 
He vomited a large amount of mucus streaked with blood. There was a 
marked diarrhea, the stools containing a large amount of mucus, some of it 
streaked with blood. The temperature was 103, the pulse 140. A spinal puncture 
was made; the fluid was under moderate pressure and 10 c.c. were obtained. 
Cell count 44, globulin test +. Ten c.c. of serum were given. 

Sept. 14, 8:30 a. m.— The temperature was 101, the pulse 130. The child 
looked brighter. Some stiffness of the neck was still evident and there was 
slight Kernig. The left knee jerk was normal, the right somewhat diminished. 
He complained of pain in the abdomen. 6 p. m. — The temperature was 99.2, the 
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Chart 1. Temperature and pulse curves of patients showing no paralysis at the time of 
serum treatment. 



pulse 90. He looked well and was hungry; the bowels were still loose. The 
neck was slightly rigid, the knee jerks were normal, and he walked without 
ataxia. No evident weakness. Five c.c. of serum were given. 

Sept. IS.— The child appeared perfectly well. The temperature was 98.6 F., 
the pulse 80. There was no weakness. 

Oct. 15. — Recovery was complete. 

(Temperature and pulse curves, Chart 1.) 

Case 962. — E. H., a young woman, aged 24 years. (Patient of Dr. L. F. 
Newburn, McCausland, Iowa.) 

Sept. 15. — There had been malaise and she was generally below par for 3 or 
4 days. She became extremely tired the day before, presumably from over- 
exertion. She had been unable to sleep the night before on account of restless- 
ness and pain in the abdomen. A number of loose bowel movements had 
occurred that day. She had severe headache in the afternoon. The temperature 
was 102 F., the pulse rapid. She was menstruating. 11:30 p. m. — The patient 
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had severe headache and pain in the back and felt very weak. There were 
twitchings of the muscles of the legs and a moderate rigidity of the neck. 
Flexion of the head caused pain. The knee jerks on both sides were very weak, 
barely obtainable even on reinforcement. The tonsils were large and there was a 
diffuse hyperemia of the throat and mucus in the nasopharynx. One large 
cavity was found in a left lower molar. The face was flushed. The temperature 
was 103.5, the pulse rapid. A spinal puncture was made; the fluid was under 
pressure and 20 c.c. were obtained. Cell count 23, globulin ++. Twelve and 
one-half c.c. of serum were given. 

Sept. 16. — The physician found the patient sitting at the breakfast table. 
The headache had disappeared within 1 hour after the injection of the serum. 
The temperature was normal. There was no weakness. 

Oct. 14. — The patient was perfectly well. 

Case 964. — H. J., a girl, aged 4 years, sister of Case 972. (Patient of Dr. 
A. Grassau, Princeton, Iowa.) 

Sept. 16. — The child was perfectly well until 2 days before, when she had 
fever and was cross and irritable. The nose was discharging. She seemed 
abnormally drowsy. The condition was much the same the day before but 
peculiar jerkings of the muscles had developed in the extremities. She com- 
plained of headache in the morning and had 6 attacks of convulsive jerkings of 
the extremities. She appeared confused mentally. 11:30 p. m. — The face was 
symmetrical, flushed, and she lay with head retracted. She was tremulous; 
ataxic, scarcely able to walk. Attempts to flex the head caused pain. She was 
very drowsy but could be aroused. The knee jerks were exaggerated, more on 
the right side than on the left. Kernig and Babinski signs existed on both sides 
and hyperesthesia was noted. The tonsils were large and red. Much mucus 
was found in the nasopharynx. There were 2 palpable lymph glands outside 
either tonsil. The thyroid was enlarged. There was marked ataxia, and peculiar 
spasms of the muscles of the arms and face. The child appeared very ill, was 
very tremulous and ataxic and could scarcely walk, but there was no weakness. 
Spinal puncture was made; the fluid was under pressure and slightly turbid 
and 10 c.c. were obtained. Cell count 211, globulin test +. Ten c.c. of serum 
were given. 

Sept. 17, 6 p. m. — She lay quiet in bed, the face was flushed, and the head 
retracted. The stiffness of the neck was less marked. Kernig was absent. The 
tremor and twitching of the muscles had disappeared. The face was sym- 
metrical. She was mentally brighter and there was no weakness. Ten c.c. of 
serum were given. 

Sept. 18, 6 p. m. — She looked bright and appeared well. There was no 
retraction of the head. The pain and stiffness of the neck had disappeared. The 
knee jerks were normal and there was no rigidity of the neck and no weakness. 
Six c.c. of serum were given. 

Sept. 19. — She appeared perfectly well and without demonstrable weakness. 

Oct. 14. — The child was perfectly well. 

(Temperature and pulse curves, Chart 1.) 

Case 966. — H. S., a boy, aged ZVs years. (Patient of Dr. E. O. Ficke, 
Davenport, Iowa.) 

Sept. 17. — He had vomited three or four times 2 nights before and was rest- 
less all night. He was feverish and unusually drowsy the next day and com- 
plained of headache and pain in the back. There was looseness of the bowels. 
Marker tremor of various parts of the body was noted in the forenoon. The 
gait was ataxic. The knee jerks on the left side were exaggerated and on the 
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right side diminished. 5 p. m. — There was a moderately severe cough. The 
tonsils were large. There was one lymph gland palpable on either side of the 
neck adjacent to the tonsil and the thyroid was distinctly enlarged. The head 
was retracted and the neck was definitely stiff. Attempts to flex the head caused 
pain. There was a marked tremor of the muscles of the hands and legs, and 
the gait was ataxic. The knee jerk on the left side was exaggerated and on the 
right side diminished. The temperature was 103 F., the pulse 152. A spinal 
puncture was made, with spurting of fluid, and 12 c.c. were obtained. Cell 
count 27, globulin test + +. Ten c.c. of serum were given. 

Sept. 18. — One hour after the injection of serum the previous day, the boy 
appeared more tremulous and the head more retracted. 8 p. m. — The tempera- 
ture was 103.6 F., the pulse 148. Seven and one-half c.c. of serum were given. 

Sept. 19, 10 a. m. — There was herpes of the lips and nostrils. The tem- 
perature was 98.6 F., the pulse 116. The rigidity of the neck and tremor of 
muscles had disappeared. The reflexes were normal. There was no weakness 
and the child looked well. 

Oct. IS. — There was slight fever and cough for a number of days subse- 
quently, but there was complete recovery without paralysis. 

Case 968.— O. N., a girl, aged 1 year. (Patient of Dr. E. O. Picke, 
Davenport, Iowa.) 

Sept. 18.— Onset with restlessness, looseness of bowels, nausea, and abnormal 
drowsiness. 8 p. m.— The temperature was 103, the pulse 140. The child cried 
when handled and did not want to be moved. The knee jerks were exaggerated, 
ataxia was marked, the head was retracted and the neck stiff. 11 p. m. — There 
was marked trembling of the extremities, ataxia, the head was retracted, the 
neck was stiff, and the knee jerks were exaggerated. The tonsils were large 
and moderately red and 2 follicles were filled with cheesy exudate. The larynx 
was diffusely hyperemic and there were palpable lymph glands outside of either 
tonsil. Seven teeth were found to be in process of eruption. Spinal puncture 
was made; the fluid was under increased pressure and 1.5 c.c. were obtained. 
Cell count 40, globulin test +. Six c.c. of serum were given. 

Sept. 19, 10 p. m. — The patient slept all night and appeared brighter in the 
morning. She had felt well all day, had been up playing until about 5 o'clock. 
The tremor was absent and she walked without ataxia. The knee jerks were 
normal. There was no weakness. Six c.c. of serum were given. 

Sept. 20. — The temperature was normal. She looked well and was bright 
and active. No weakness was noted. 

Oct. 1. — The temperature was normal and she was perfectly well, up and 
around, with no weakness. 

Oct. 15. The child was perfectly well. 

(Temperature and pulse curves, Chart 1.) 

Case 971.— E. S., a girl, aged 9 years. (Patient of Dr. A. B. Kuhl, 
Davenport Iowa.) 

Sept. 19. — Headache, nausea and vomiting began 2 days previously and pain 
in the abdomen the day before. 4 p. m. — There was pain and stiffness in the back 
of the neck and the girl was drowsy. The knee jerks were diminished. The 
Kernig sign was present. The temperature was 102 F, the pulse 130. The 
thyroid was enlarged; the tonsils were large and 3 enlarged glands were noted 
outside either tonsil. There was no weakness. Spinal puncture was made, with 
spurting of fluid, and 15 c.c. were obtained. Cell count 8, globulin test +. 
Ten c.c. of serum were given. 
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Sept. 20. — The temperature and pulse were normal and she felt well, with 
no weakness. 

Sept. 21. — The girl appeared perfectly well and there was no weakness. 
Oct. 15. — Recovery was complete without paralysis. 

Case 972. — M. J., a girl, aged 8 years; sister of Case 964. (Patient of Dr. 
A. Grassau, Princeton, Iowa.) 

Sept. 20. — She complained of pain in the upper abdomen the day before. 
There was no fever in the morning but a temperature of 101 F. in the afternoon. 
She was extremely restless and had developed tremor of the muscles of the head 
and arms during the night. Stiffness of the neck and marked twitchings of the 
muscles were noted in the night. 10 a. m. — The tonsils were large and a large 
amount of peculiar pus was expressed from the left, and a small amount from 
the right. Two cervical glands were palpable on either side of the neck just 
outside of the tonsil. There was marked retraction and stiffness of the neck 
and back. Attempts to flex the head and the trunk caused severe pain. She 
was very tremulous and ataxic. The knee jerks were markedly exaggerated. 
Kernig on both sides. The pupils were dilated and the thyroid was enlarged and 
soft. A spinal puncture was made with spurting of turbid fluid; 10 ex. were 
obtained. Cell count 800, globulin test ++. Ten c.c. of serum given. The 
muscle twitching was lessened immediately after the injection of the serum. 
6 p. m. — The stiffness in the neck and the tremor had decreased. 

Sept. 21. — The child looked brighter and the twitchings had disappeared. 
There was less retraction of the head and the neck and back were not so stiff. 
No weakness was evident. The right knee jerk was normal, the left slightly 
exaggerated. Kernig less marked. The temperature was 99.4 F., the pulse 130. 
A slight tremor of the muscles was noted under excitement while the serum 
was being injected. Ten c.c. of serum were given. 

Sept. 22. — The girl looked brighter and no twitching of muscles was noted. 
The pupils were normal in size and the face was symmetrical. She walked 
without dragging the foot and without ataxia. There was no weakness. The 
knee jerks were normal. A spinal puncture was made; the fluid was under 
increased pressure and 2 c.c. were obtained. Cell count 500, globulin +. Six 
c.c. of serum were given. 

Sept 23. — She appeared well, the stiffness of the neck and back and the 
twitchings of the muscles had disappeared. No weakness was observed. 

Oct. 14. — Recovery was complete without paralysis. 

(Temperature and pulse curves, Chart 1.) 

Case 975. — J. N., a boy, aged 5 years. (Patient of Dr. L. F. Sullivan, 
Donahue, Iowa.) 

Sept. 21. — He had had an attack of follicular tonsillitis 2 weeks previously 
with a slight fever lasting for 2 days. He then seemed well until 4 days before 
the onset of the present illness, when he developed diarrhea, followed the next 
day by fever, severe headache, and vomiting. He was restless and nervous 
with a temperature the night before of 104.4 F., and a pulse of 130. He had 
been drowsy the preceding day and was extremely restless during the night, 
having had a number of attacks of marked twitchings of the muscles of the 
extremities. 4 : 30 p. m.— There was doubtful weakness of the left hand, but 
otherwise no paralysis. The tonsils were large, and palpable glands were found 
on either side. He appeared abnormally drowsy, could be aroused but fell asleep 
promptly. The head was retracted. Moderate Kernig. There was a definite 
stiffness of the neck. The right knee jerk was exaggerated, the left obtainable 
only on reinforcement. The temperature was 102.4. A spinal puncture was made 
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with spurting of fluid, and 10 c.c. were obtained. Cell count 83, globulin test +. 
Ten c.c. of serum were given. 

Sept. 22, 10 a. m. — The knee jerks were normal. No weakness was evident. 
The temperature was 99.8 F. Seven and one-half c.c. of serum were given. 

Sept. 23. — He appeared well, the temperature was normal, and there was 
no weakness. 

Oct. 16. — The child was perfectly well. There was slight dragging of the 
right foot for 1 week after he got up. 

Case 979.— E. S., a girl, aged 4 years. (Patient of Dr. F. O. Burk, 
Davenport, Iowa.) 

Sept. 24. — The patient awoke at 2 o'clock in the morning with severe gen- 
eralized tremors, a high fever, vomiting and diarrhea. 11 a. m. — There was 
almost continuous tremor with sudden spasms of the muscles of the extremities, 
face, neck and eyes. The temperature was 103.8, the pulse extremely rapid. The 
girl lay in bed with head retracted and in a semicomatose condition from which 
she could scarcely be aroused. There were repeated involuntary urinations and 
defecations, the stools were offensive and contained a large amount of mucus. 
The body was extremely hot, the extremities were cold, and the skin was 
alternately pale and flushed. A moderate cyanosis was present. The left knee 
jerk was markedly exaggerated, the right absent. Bilateral Babinski and Kernig. 
The neck was stiff. The tonsils were large and large lymph glands were noted 
on the left side ; none on the right. Spinal puncture was made and 4 c.c. of fluid 
were obtained. Cell count 19, globulin test +. 12: IS p. m. — Eight c.c. of serum 
were given. 3 : 30 p. m. — The condition was decidedly better and the child 
could be aroused. The facial expression was less anxious and she lay quiet. 
The temperature was 101. The right knee jerk was obtainable, the left normal. 
Kernig absent. The stiffness of the neck was less marked. She slept quietly 
with only occasional twitchings of the muscles of the forearms. She had not 
had sudden spasms of muscles since the injection of the serum. Ten c.c. of 
serum were given. 9 p. m. — The picture was entirely changed. The child was 
bright and rested quietly. The tremors and spasms had disappeared, the knee 
jerks were normal and Babinski and Kernig signs were absent. The tempera- 
ture was 99 F., the pulse 112. 

Sept. 25, 2 p. m. — The temperature was normal, the pulse 108. The child 
was rational, looked perfectly well and smiled. The pupils were equal, the 
tongue protruded in the median line and the reflexes were normal. There was 
slight rigidity of the neck. There was no weakness. 

Oct. 15. — Recovery was complete without paarlysis. 

(Temperature and pulse curves, Chart 1.) 

Case 988. — C. L., a boy, aged 8 years. (Patient of Dr. F. C. Skinner, 
Le Claire, Iowa.) 

Sept. 27. — The patient had gone to bed feeling well and awoke about 6 a. m. 
with headache, pain in the stomach and vomiting. He did not vomit food but 
material containing much mucus. The vomiting persisted and one loose bowel 
movement occurred. There was marked tremor over the whole body at 7 a. m. 
The temperature at 9 a. m. was 104., the pulse 160. 11 : 45 a. m. — He complained 
of headache, of stiffness of the neck, pain in the back of the neck, was apathetic 
and looked sick. There was tremor of the eyelids, the tongue was tremulous 
and there was tremor of the extremities. The throat was diffusely hyperemic, 
the tonsils were large and pus was expressed from the pole of the left. The 
follicles were empty. Two large glands were palpable on the left side just out- 
side the tonsil; none on the right. The temperature was 104, the pulse 160. 
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The knee jerks were increased. Kernig absent. The neck was held rigid. A 
spinal puncture was made; the fluid was clear and under moderate pressure. 
Cell count 8, globulin test weakly positive. Ten c.c. of serum were given. 
11:30 p. m.— He looked brighter. The temperature was 104, the pulse 120. 
Ten c.c. of serum were given. 

Sept. 28. — The temperature was 100, the pulse 96. The stiffness of the neck 
had disappeared. He felt much better and there was no weakness. 

Sept. 29, 9 p. m— The temperature was 98.6, the pulse 74. The boy felt well 
and there was no weakness. 

Oct. IS. — There was complete recovery without paralysis. 

(Temperature and pulse curves, Chart 1.) 

Case 996.— E. B., a girl, aged 6 years. (Patient of Dr. W. H. Rendleman, 
Davenport, Iowa.) 

Sept. 28. — The patient went to bed apparently perfectly well the night before 
and got up in the morning with pain in the stomach. She vomited at noon and 
diarrhea began in the afternoon ; the stools had a very foul odor. She was 
drowsy and sleepy all day. Could be aroused but went to sleep immediately. 
The temperature was 101.4 the pulse 130. She complained of headache in the 
morning and there were marked twitchings of the muscles at intervals, especially 
of the shoulder. 7 p. m. — The face was flushed, the head retracted and there 
were twitchings of the muscles. She had cramps in the stomach, followed 
by a bowel movement. The tonsils were large and diffusely red. There was 
considerable secretion in the throat. A lymph gland was noted on the left 
side. The left knee jerk was normal, the right absent. There was moderate 
distention of the abdomen. The temperature was 102.4, the pulse 144. A spinal 
puncture was made, with spurting of fluid, and 10 c.c. were obtained. Cell 
count 22, globulin test +. Ten c.c. of serum were given. 

Sept. 29. — The temperature was 98.6, the pulse 110. The girl felt well and 
was up and dressed. 

Oct. 2. — There had been severe cramps 2 days before, followed by 2 large 
bowel movements containing blood; none had occurred since. The reflexes, 
temperature and pulse were normal. There was no weakness. 

Oct. 7. — There was complete recovery without paralysis. 

(Temperature and pulse curves, Chart 1.) 

RESULTS 

Group 1. — Patients showing no paralysis at the time of the serum 
treatment. The 16 patients in this group recovered without paralysis 
(Table 1). One of these (Case 975), in which the serum treatment 
was begun on the fourth day, dragged the right foot for 1 week, but 
since the patient was not asked to walk on account of the severity of 
the symptoms, this may have been present at the time the serum was 
given. 

The ages of the patients in this group ranged from 1-24 years, the 
average being 7 years. Eight were males and 8 females. The spinal 
fluid was under increased pressure in all ; in two it was distinctly turbid, 
and in the others clear. The amount withdrawn ranged from 1.5-20 
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c.c, the average being 11 c.c. The cell count ranged from 8-800 per 
cubic millimeter, the average being 95. The globulin content was 
increased in all. The temperature was relatively high at the time of 
the first injection (Table 1). In 4 patients it was between 101 and 
102 ; in 8 between 102 and 103 ; in 4 between 103 and 104. The pulse 
was very rapid in practically all. 

The serum treatment was begun on the first day in 7 patients, on 
the second day in 2, on the third day in 5 and on the fourth day in 2. 
One dose only was given in 7 patients, two in 7, and three in 2. The 
amounts given ranged from 6-26 c.c, the average being 15 c.c. A 
prompt drop in the temperature and the pulse rate occurred in nearly 
every instance when invasion of the central nervous system, as mani- 
fested by the cell count in the spinal fluid, was not too great, quite 
irrespective of the previous duration of symptoms (Chart 1). The 



TABLE 1 
Summary of Cases Showing No Paralysis at the Time of Serum Treatment 





Sex 


Age, 
Tears 


Condition of Patient 


Spinal Fluid 


Case 
No. 


Amount 
With- 
drawn, 
Cc. 


Cell 
Count 


Globu- 
lin 


936 
944 
950 
953 
954 
956 
962 
964 

966 
968 
971 
972 
975 
979 

988 
996 


M 
M 
F 
M 
M 
M 
F 
F 

M 
F 
F 
F 
M 
F 

M 
F 


9 
11 

2 

3 

9 

5 
24 

4 

3.5 
1 

8 
8 
5 
4 

8 
6 


Irritable, nervous retraction of head, exag- 
gerated reflexes 

Rigidty of neck and back. Left knee jerk 
diminished, right exaggerated 

Drowsy, retraction of head, neck stiff, twitch- 
ing of muscles, tremulous 

Drowsy, rigidity of neck, bilateral Kernig, 
twitching of muscles 

Rigidity of neck, right knee Jerk exaggerated, 
left diminished, double Kernig 

Double Kernig, tremulous, twitchings of mus- 
cles 

Headache, pain in back, marked general weak- 
ness, rigidity of neck, knee jerk weak 

Mental apathy, double Kernig and Babinski, 
hyperesthesia, tremulous, twitchings of mus- 
cles 

Retraction of head, tremor of muscles, ataxia, 
right knee jerk diminished, left exaggerated 

Retraction of head, rigidity of neck, knee 
jerks exaggerated, ataxia 

Apathy, back and Deck rigid. Double Kernig 

Marked rigidity of neck and back. Tremulous 
and ataxic. Double Kernig 

Rigidity of neck. Right knee jerk exagger- 
ated, left weak 

Marked generalized tremor of muscles. Re- 
traction of head. Semi comatose. Left knee 
jerk exaggerated, right absent 

Rigidity of neck and back. Tremor of mus- 
cles of eyelids and extremities 

Retraction of head. Twitchings of muscles. 
Right knee jerk absent 


15 
15 
20 
10 

3 

10 
20 
10 

12 

1.5 
15 
10 
10 

4 

8 
10 


60 
16 
133 

18 
11 
44 
23 
211 

27 
40 
8 
800 
83 
19 

8 
22 


+ 

+ 
++ 

+ 

+ 

+ 
++ 

+ 

++ 

+ 
+ 

++ 
+ 
+ 

+ 
+ 
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drop in temperature occurred without an initial rise. The symptoms 
often disappeared in an astonishingly short time. Improvement began 
in some instances while the serum was being slowly injected or soon 
thereafter. A restless, sleepless, hyperesthetic child would often fall 
asleep soon after the administration of the serum. Twitchings and 
tremor of the muscles often became less or disappeared within a few 
hours after giving the serum. In 7 patients the temperature dropped 
to normal and the symptoms practically disappeared within 24 hours, 
in 7 they disappeared within 48 hours, and in 2 within 72 hours 
(Chart 1). 

Cases Showing Slight Paralysis at the Time of 
Serum Treatment 

Case 939— G. R., a boy, aged 7 years. (Patient of Dr. H. M. Decker, 
Davenport, Iowa.) The boy had had meningitis at 7 months, and three or four 
attacks of pneumonia. He had been well for 16 months, although not very 
strong. 

TABLE 1 — Continued 
Summary of Cases Showing No Paralysis at the Time of Serum Treatment 



Day 
of 

Dis- 
ease 



Temper- 
ature 
at 

Time of 
Treat- 
ment 


Total 
Amount 

of 

Serum 

Given, 

C.c. 


101 


10 


104 


12 


101.5 


6 


101.5 


10 


10S 


17 


103 


15 


103.5 


12.5 


103 


26 


103 


17.5 


103 


12 


102 


10 


102.5 


26 


102.4 


17.5 


103.8 


18 


104 


20 


102.4 


10 



Result 



Prompt recovery without 



Temperature dropped by crisis. 

paralysis 
Recovery without paralysis 

Temperature disappeared by crisis. Prompt recovery 

paralysis 
Temperature dropped by crisis. Prompt recovery 

paralysis 
Temperature dropped by crisis. Prompt recovery 

paralysis. Attack of appendicitis 4 days later 
Temperature dropped by crisis. Complete recovery 

paralysis in 24 hours 
Temperature dropped by crisis. Prompt recovery 

paralysis 
Complete recovery without paralysis 



Prompt recovery without paralysis 
Prompt recovery without paralysis 

of temperature. 



without 
without 
without 
without 
without 



Recovery without 



Prompt disappearance 

paralysis 
Recovery without paralysis 

Critical drop in temperature. Slight dragging of right foot 

for 1 week. Complete recovery 
Temperature dropped by crisis. Marked Improvement In 3 

hours. Complete recovery without paralysis 



Temperature dropped by crisis. 

paralysis in 24 hours 
Temperature dropped by crisis. 

paralysis in 24 hours 



Complete recovery without 
Complete recovery without 
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Aug. 29. — He was listless ; played at intervals and was constipated. 

Aug. 30. — The listlessness increased and he lay around. He was constipated 
and vomited in the evening. 

Aug. 31. — Very listless, he slept most of the time and was still constipated. 
There was no apparent fever or pain. 

Sept. 1. — He was in a semicomatose condition, was awakened with difficulty 
and could not be kept awake to answer questions. The temperature was 102, 
the pulse 100, the reflexes and strength were normal. There was moderate dis- 
tention of the abdomen, the throat was faintly reddened and the tonsils were 
normal in size. There was no glandular enlargement, cough or coryza. 

Sept. 2. — The temperature was 101.8, the pulse 90, otherwise the condition the 
same as the day before. 8 a. m. — Condition the same, semicomatose, the neck 
held rigid, and attempts to flex the head caused pain. The temperature was 
102, the pulse 100. The speech was stuttering and he had hallucinations. 
3 p. m— Condition much the same. He complained of pain in the region of the 
right ear and the mastoid. The reflexes were normal, the strength was good, 
the throat was somewhat reddened. No pus could be expressed from the ton- 
sils; one lymph gland outside the right tonsil was enlarged. The child was 
mentally confused and could scarcely be aroused. There was no weakness. 
6 p. m.— The mental condition was growing worse, there was weakness of the 
right angle of the mouth. The temperature was 101, the pulse 100. A lumbar 
puncture was made and 0.3 c.c. of fluid obtained; a moderate amount escaped 
through the line of puncture after the needle was withdrawn. Cell count 78, 
globulin test +. Seven and one-half c.c. of serum were given. 

Sept. 3, 7:30 a. m— The temperature was 98, the pulse 72. The child was 
quiet and ate a bowl of oat-meal with relish. He was mentally clear but still 
somewhat sluggish. There was no extension of paralysis. 1 p. m.— He was 
mentally brighter. 

Sept. 4, 7 a. m.— He was mentally normal and slept well ; there was no exten- 
sion of the paralysis. He had no pain anywhere and walked normally. The 
weakness of the right angle of the mouth was less marked. 

Sept. 5.— There was slight weakness of the right corner of the mouth ; other- 
wise he was normal. 

Oct. 15. — The recovery was complete. 

(Temperature and pulse curves, Chart 2.) 

Case 940.— B. B., a girl, aged 10 months. (Patient of Dr. F. Neufeld, 
Davenport, Iowa.) 

Sept. 4. — The child was fussy and feverish the day before. There was fever, 
restlessness and twitching of the muscles of the hands and face in the night. 
During the forenoon the temperature was 105.2, the pulse 180. The bowels 
were flushed. By noon there were twitchings of the muscles of the face and 
arms bordering on slight convulsive attacks. 9 : 30 p. m.— The temperature was 
104. There was twitching of the muscles of the face and fingers, the head was 
retracted, the eyes turned back, and attempts to flex the head caused the child 
to cry out. There was doubtful weakness of the muscles of the right angle of the 
mouth. The stools contained a large amount of greenish mucus. A spinal 
puncture was made, with spurting of fluid. Ten c.c. of slightly cloudy fluid were 
withdrawn. Cell count 155, globulin test +. Six c.c. of serum were given. 
11 : 30 p. m.— The bowels were flushed with sodium bicarbonate and salt solution. 

Sept. 5, 7 a. m— The temperature was 101.5, the pulse 104. The child appeared 
brighter; had slept most of the night. There was still slight retraction of the 
head and stiffness of the neck. 11 a. m.— The temperature was 101, the pulse 
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125. The child slept quietly; there was no retraction of the head, no weakness 
anywhere. The stools were greenish and contained undigested milk curds. Five 
c.c. of serum were given. 

Sept. 6. — The child appeared well in every respect. She laughed and kicked 
vigorously with both legs. The weakness of the right side of the mouth had 
disappeared. 

Oct. 15. — Recovery was complete. 

(Temperature and pulse curves, Chart 2.) 

Case 946— F. C, a boy, aged 5 years. (Patient of Dr. F. Lambach, 
Davenport, Iowa.) 

Sept. 9. — The boy complained of headache 2 days before and was feverish. 
The symptoms were thought to be due to enlarged tonsils, and arrangements 
were made for their removal. During the night a high fever developed. 
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Chart 2. Temperature and pulse curves of patients showing slight paralysis at the time 
of serum treatment. 



Sept. 10.— He vomited twice during the day and was unusually sleepy. The 
tonsils became more enlarged, and pus was expressed from the left. There were 
several enlarged lymph glands outside the left tonsil; none on the right side. 
There was marked tremor of the muscles of the jaw, noted especially on 
examining the throat. There were peculiar jerky movements of the muscles of 
the hands and about the eyes. The child walked normally. There was no evident 
weakness and no stiffness of the neck. The temperature was 102.5, the pulse 130. 
10 p. m. — The child had been flighty and nervous during the day and very drowsy. 
He slept most of the day with the mouth open, the eyes partly closed, and the 
head retracted. He could be aroused but would fall back to semicomatose sleep 
immediately. The head was retracted and the neck stiff. There were Kernig 
and Babinski signs on both sides, the left knee jerk was absent and the right 
sluggish. There was marked ataxia in walking and the left foot dragged. There 
were peculiar jerky movements of the arms, and some difficulty in swallowing. 
He was unable to raise the eyelids normally, especially the left. The tem- 
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perature was 101.5. 10:30 p. m. — A spinal puncture was made; the fluid was 
under pressure and IS c.c. were obtained. Cell count 18, globulin test + +. 
White blood count 10,100. The listlessness and inability to keep awake con- 
tinued for one-half hour after spinal fluid was withdrawn. 11 p. m. — Ten c.c. 
of serum were given. 11 : 15 p. m. — The child had brightened up, took an 
interest in things and talked for fully half an hour. In puckering his mouth 
attempting to whistle and in showing his teeth it was noticed that the left 
side of the face was partially paralyzed. 

Sept. 11. — He had slept quietly all night and appeared bright. The rigidity 
of the neck was less marked. Kernig and Babinski signs were absent on both 
sides. The knee jerk on the right side was normal; on the left side a number 
of vigorous kicks were obtained. The child walked without dragging the 
left foot. He opened his eyes normally but there was still slight weakness 
of the left side of the face when he attempted to whistle, but less marked 
than the night before. The temperature was 99.2. White blood count 11,800. 

Sept. 12. — The temperature was 98, the pulse 90. He felt perfectly well; 
all weakness of the muscles, including those of the left side of the face, had 
disappeared. 

Oct. 15. — Complete restoration of muscle function. 

(Temperature and pulse curves, Chart 2.) 

Case 947.— H. L., a male, aged 20 years. (Patient of Dr. F. E. Rudolf, 
Davenport, Iowa.) 

Sept. 10. — Two days previously he noticed a peculiar uncontrollable tremor 
of the hands, at times approaching spasms. He had no appetite, was nauseated, 
but did not vomit, and was constipated. He slept poorly the night before, 
was extremely nervous, and tossed about. He had repeated attacks of tremor 
and twitching of the muscles of various parts of the body. There had been 
severe headache the day before and tremor of the muscles. In the morning he 
noticed a peculiar thickness of the tongue and he was unable to swallow 
toast but could wash it down with liquids. 1 p. m. — While in the doctor's 
office he was very drowsy; said his tongue felt thick and tended to go to 
the roof of the mouth when swallowing. He was extremely restless and ner- 
vous ; the muscles of various parts of the body, especially the right arm and 
leg, and the lips, twitched markedly at short intervals. He. was ordered to 
go home to bed. 3 : 30 p. m. — While the history was being taken the patient 
dropped off repeatedly into partial sleep. He complained, of headache and of 
feeling very nervous. There was twitching of the muscles of the right arm 
and leg and the lips at short intervals. The temperature was 99.8, the pulse 
96. White blood count 8,700. The tonsils were large, and cheesy material 
was expressed from both. The muscles of the tongue were weak. There was 
slight rigidity of the neck and ataxia. The right knee jerk was exaggerated, 
the left normal. He was unable to swallow toast. 4 p. m. — A spinal puncture 
was made; the fluid was under pressure and 35 c.c. were withdrawn. Cell 
count 9, globulin test + +. 4:20 p. m. — No relief from the headache; twitch- 
ing of the muscles continued. Twenty-two c.c. of serum were injected intra- 
venously. While the injection was being made the patient stated with some 
surprise that his headache had disappeared and that he felt very much better. 
The twitchings of the muscles disappeared also before the injection of the 
serum was completed. 5 p. m. — The twitching of the muscles had not returned ; 
the thickness of the tongue was less marked. The patient, much to his astonish- 
ment, was able to swallow toast. 
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Sept. 11, 9:30 a. m. — The headache and jerking of muscles had not 
returned. The thickness of the tongue had disappeared completely by 6 p. m. 
the night before. There was not the slightest difficulty in swallowing, the 
stiffness of the neck had disappeared, the temperature was normal, and the 
pulse 78. White blood count 9,000. The patient stood erect and walked without 
ataxia. There was no weakness, the knee jerks were equal and normal, the 
face was symmetrical. He begged for something to eat and insisted that he 
was perfectly well. 

Oct. IS. — Urticaria 6 days after giving the serum. Recovery was complete. 

This patient had had diphtheria antitoxin 13 years previously. He recovered 
without paralysis and with only slight serum disease. 

Case 951. — L. R., a male, aged 23 years, employed as a truck driver. (Patient 
of Dr. D. G. Kreul, Davenport, Iowa.) 

Sept. 12. — The patient had contracted a cold 5 days before. He sneezed, 
the nose was congested, and there was much discharge the first 2 days. At 
that time there was soreness of the throat and slight fever. He had had diar- 
rhea 2 days previously. The present illness began the afternoon before, the 
patient felt achy and nervous; his head ached and he began to have attacks 
of twitching of the muscles in various parts of the body. An intense headache 
developed suddenly the next morning while he was on the way to work. Two 
hours later he vomited, was unable to walk, and had to lie down. The jerkings 
of the muscles became much worse. He was taken home and put to bed. 
2 p. m. — He complained of severe headache, nausea, tightness in the chest, and 
dry cough. The tonsils were large and red ; no attempt was made to express 
pus. There was a tender gland just outside the right tonsil, and several 
palpable glands on the left side. The patient lay in bed with a peculiar 
expression of tension on his face. He appeared nervous, and marked twitchings 
occurred at short intervals of muscles of various parts of the body, especially 
of the left arm. The right knee jerk was exaggerated, the left barely obtain- 
able, and only on reinforcement. There was weakness in the legs, especially 
the left; the gait was ataxic. There was marked weakness in the extension 
of the left hand, none of the right. The temperature was 99.6. A spinal 
puncture was made with spurting of fluid and 30 c.c. were obtained. Cell 
count 18, globulin test +. No relief followed the spinal puncture. Twenty 
c.c. of serum were given. 

Sept. 13. — The nurse said that he had had only 2 jerking spells after the 
injection of the serum. He had been restless during the first part of the night 
but had slept well and quietly during the latter part. In the morning he felt 
like getting up and going to work. He looked well. The knee jerks on both 
sides were normal. The cough persisted. The extension of the left wrist 
was powerful; the weakness of the left leg had disappeared; there was no 
weakness. The temperature was normal. Twelve c.c. of serum were given. 

Sept. 14. — The patient appeared perfectly well. 

Oct. 14. — Recovery was complete. 

Case 952.— M. D., a girl, aged 15 months. (Patient of Dr. T. D. Starbuck, 
Davenport, Iowa.) 

Sept. 12. — The child had been irritable and fussy, and had had diarrhea 
for two weeks. She had vomited at intervals the day before and during the 
morning. There was apparently no fever until the night before. At midnight 
severe convulsions occurred, and during the morning there were 9 convulsions 
which had to be controlled with ether. A drawn condition of the left side of 
the face was noted. A cough had existed for 2 days associated with rales in 
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the chest. She did not want to be handled. 3 : 45 p. m. — The temperature was 
103. The muscles of the right hand twitched, and there was weakness of the 
muscles of the left side of the face and the left eyelid. The head was retracted, 
and attempts to flex it caused pain. The knee jerks were exaggerated. 
Babinski's sign was present. A spinal puncture was made; the pressure was 
increased and 10 c.c. of fluid obtained. Cell count 22, globulin test + +. 
Six c.c. of serum were given. 

Sept. 13. — The child had had no convulsions since the injection of the serum. 
The highest temperature was 99.2. She appeared bright and the weakness of 
the left side of the face and the left eyelid was less marked. 

Sept. 14. — She appeared perfectly well. Her temperature was normal and 
she walked normally. The weakness of the left side of the face and the 
left eyelid had disappeared. 

Case 958. — T. D., a boy, aged 5 years. (Patient of Dr. E. F. Strohbehn, 
Davenport, Iowa.) 

Sept. 14. — The child was perfectly well until 2 o'clock 2 nights before, when 
he became restless and feverish. He vomited repeatedly in the morning, the 
vomitus containing a large amount of mucus but no blood. There was no 
diarrhea. He complained of severe headache. He seemed very drowsy and 
talked constantly in his sleep during the night. He complained of pain in 
the small of the back, and in the morning showed twitchings of various muscles 
of the body, with severe pain in the back. There was no rigidity of the neck 
during night or morning. The temperature in the night was 100.6; in the morn- 
ing it was 100.4. 11:30 a. m. — He was restless, and lay with head retracted. 
There was twitching of the muscles of the hands and of the legs. The face was 
flushed, the neck stiff and the child was unable to bring chin to chest. Flexion 
of the head caused pain in the neck and back. Kernig +. The knee jerks 
were exaggerated. The temperature was 101.4, the pulse 112. There was 
weakness in the extensors of the right leg; no other weaknesses could be 
detected. The tonsils were large, the throat hyperemic and moist, and there 
was a palpable lymph gland on either side of the neck just outside the tonsil. 
11:45 a. m. — A spinal puncture was made; the fluid was under pressure and 
slightly turbid, and 10 c.c. were obtained. Cell count 141, globulin test + +. 
Ten c.c. of serum were given. Ten minutes after the injection was finished 
the boy said his headache had disappeared. 6 p. m. — The temperature was 
101.4, the pulse 130. The back was rigid, the left knee jerk was normal, the 
right diminished. There was no increase in weakness of the right leg, and 
no weakness otherwise. 10 p. m. — The temperature was 101.2, the pulse 130. 
There were slight twitchings of the muscles of the mouth, the eyelids, and the 
arms, and less rigidity of the neck. The left knee jerk was exaggerated, the 
right diminished. Seven and one-half c.c. of serum were given. 

Sept. 15, 1 : 40 p. m. — The child looked well. There was less twitching of 
the muscles about the mouth and eyes, the face was symmetrical and less 
flushed. The increase in the weakness of the right leg was moderate, and he 
was able to raise the leg in extended position. 

Sept. 17, 12 m. — The temperature was 100.4. The weakness in the right leg 
had increased and he was unable to lift his foot from the bed in the extended 
position, but could move his toes. The extensors of the right foot were unim- 
paired. Six c.c. of serum were given. 

Sept. 18. — The temperature was normal. There was a slight stiffness of the 
neck; the right knee jerk was absent. There was definite improvement in 
muscle power in the right leg and in the back and no weakness otherwise. 
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Oct. IS. — There was slight weakness in the right thigh and in the back which 
was decreasing rapidly. 

(Temperature and pulse curves, Chart 2.) 

Case 961..— H. B., a girl, aged 11 months. (Patient of Dr. H. M. Decker, 
Davenport, Iowa.) 

Sept. 15. — The child had been well until 3 days before when she developed 
fever and began to vomit. There was no bowel disturbance and the fever 
continued. She had been abnormally drowsy since the onset. The tempera- 
ture was 102 (the morning of Sept. IS) and for the first time it was noticed 
that the child was unable to hold her head up when sitting up. 3 p. m. — The 
tonsils were small, and no attempt was made to express pus. There were 2 
small lymph glands on the right side of the neck just outside the tonsil. The 
left side of the face drooped. A marked weakness of the muscles of the neck, 
and undoubted difficulty in swallowing were noted. The voice was weak. 
A spinal puncture was made ; the fluid was under pressure and 10 c.c. were 
obtained. Cell count 130, globulin test +. Five c.c. of serum were given. 

Sept. 16. — The temperature was normal; the child appeared well. There was 
marked improvement in the muscles of the neck and the right side of the face. 

Oct. 15. — Complete restoration of muscle function. 

Case 969. — L. M., a girl, aged 2 years. (Patient of Dr. A. Grassau, Prince- 
ton, Iowa.) 

Sept. 19. — The child had contracted a cold and had had a severe cough 4 
days previously. There was a high fever the following night, apparently none 
the next night, and again a high fever the night of the 18th ; there was looseness 
of the bowels and vomiting. 4 : 30 a. m. — The temperature was 104.5. The 
patient was tremulous and had a number of attacks in which the muscles of 
various parts of the body, particularly of the face, jerked. 5 : 30 a. m. — Severe 
generalized clonic and then tonic convulsions occurred which had to be con- 
trolled with chloroform and opiates. 10 a. m. — The temperature was 102. She 
had a severe cough, was extremely tremulous, with the knee jerks on the right 
side exaggerated and on the left side weak. Undoubted weakness in the left 
leg was noted. There was paralysis of the internal recti; both eyes turned 
out sharply. The head was retracted, the neck was very stiff, and the right 
side of the face was partially paralyzed. There was marked Kernig. Coarse 
mucous rales were detected in various parts of the chest. A spinal puncture 
was made, with spurting of clear fluid, and 8 c.c. were obtained. Cell count 17, 
globulin test +. Ten c.c. of serum were given. Shortly after the injection 
of serum the tremor of the muscles of the extremities disappeared, and the 
child slept naturally. 8 p. m. — She seemed better. The twitchings were less 
marked and there were no spasms. The temperature was 102. 

Sept. 20, 9 a. m. — The patient was brighter, and active. There were still 
twitchings of the muscles but no spasms. She moved her arms and legs actively 
and walked without tremor. The temperature was 100. The rigidity of the 
neck and the strabismus had disappeared. A slight drawn condition of the right 
side of the face was still present but less marked than the day before. Five 
c.c. of serum were given. 

Sept. 21. — The general condition was much better. Twitchings of muscles 
had not occurred following the injection of serum the day before. There was 
no weakness of the muscles of the extremities. The head was held erect; she 
sat up without difficulty. Coarse mucous rales in the chest, especially over 
the right side, could be detected. The temperature was 102.4. 

Sept. 22. — The temperature was normal. There was no weakness. 
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Oct. 14. — Recovery was complete. 

Case 970.— A. M., a boy, aged 17 months. (Patient of Dr. H. U. Braunlich, 
Davenport, Iowa.) 

Sept. 19. — Two weeks previously the child had had diarrhea with mucus in 
the stools for a week. He was apparently well until 4 days before (Sept. 15), 
when he developed a high fever and extreme restlessness. The next day he 
vomited, and on the next was abnormally sleepy with twitchings of the muscles 
of the face and the extremities. Temperature 102. 2 p. m. — The tonsils were 
normal in size, but a small amount of pus was expressed from the right. There 
was an enlarged gland outside the right tonsil, but not on the left side. The 
throat was red, the muscles of the tongue weak, and the head retracted. He 
appeared markedly apathetic. His eyes were rolled back and he cried out at 
intervals as if in pain. There was marked weakness of the muscles of the neck, 
the right side of the face, and the tongue. He could move his extremities but 
was unable to stand. Knee jerks were absent. There was marked Kernig. 
The temperature was 100.6. A spinal puncture was made, the fluid was under 
pressure and 10 c.c. were withdrawn. Cell count 194, globulin test +. Ten c.c. 
of serum were given. 

Sept. 20. — The temperature was normal, the child appeared brighter; there 
was no extension of the paralysis. 

Sept. 21. — There was no extension of the paralysis and an undoubted improve- 
ment on the right side of the face. 

Sept. 23— Marked improvement was shown in the power of the muscles of 
the legs, neck, and right side of the face. 

Oct. IS. — Complete recovery of muscle function. 

Case 974. — H. A., a girl, aged 8 years. (Patient of Dr. J. P. Comegys, 
Rock Island, Illinois.) 

Sept. 20. — The girl had been perfectly well until 2 days before when she 
suddenly became extremely ill, with persistent vomiting, marked diarrhea and 
high fever. She vomited or attempted to vomit almost constantly during the 
first night and had numerous extremely offensive bowel movements which con- 
tained a large amount of mucus. The diarrhea continued after the administra- 
tion of castor oil, and many movements containing greenish mucus and pus- 
like material mixed with blood had occurred the day before. Pain developed 
in the back of the neck and she was very shaky. 6 p. m. — The child appeared 
to be sick. There was marked tenesmus and numerous bowel movements con- 
taining a large amount of mucus and bloody pus. The eyes were sunken, the 
lips and tongue red. The head was retracted and attempts to flex the head 
and the neck caused pain. Kernig sign present. The knee jerks were markedly 
exaggerated. Weakness of the muscles of the right side of the face was noted. 
The tonsils were normal in size; the throat hyperemic and covered with mucus. 
A spinal puncture was made, the fluid was under moderate pressure and 10 c.c. 
were obtained. Cell count 44, globulin test +. Ten c.c. of serum were given. 
Fifteen minutes after the injection the knee jerks became normal on repeated 
tests. 

Sept. 21. — There was no extension of paralysis. The drawn condition of 
the right side of the face was barely noticeable. The bowel condition was 
unchanged. 

Oct. 16. — Recovery was complete. 

Case 981.— C. R., a girl, aged 8 months. (Patient of Dr. Neufeld, Daven- 
port, Iowa.) 
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Sept. 25. — The infant was weak and poorly nourished. She had had diarrhea 
one week previously, and 56 hours previously had become ill and feverish with 
general irritability and restlessness. She had a number of spells in which she 
shook. She lay in bed, was extremely restless and the head was retracted. 
10 : 30 a. m. — She was apathetic and lay with head retracted. She cried at 
attempts to flex the head. There was marked tremor of the hands, at times 
approaching convulsive spasms. The knee jerks were exaggerated. There 
seemed to be some weakness in the extensors of the hands. The temperature 
was 102.8. A spinal puncture was made, the fluid spurted and was definitely 
turbid ; 2 c.c. were obtained. Cell count 475, globulin test + + +. Seven c.c. 
of serum were given. 5 : 30 p. m. — She looked brighter and had taken nourish- 
ment. The temperature was 102. She had been much quieter, more contented, 
and had played most of the afternoon. 7 : 30 p. m. — The temperature was 100. 
She appeared to be feeling better. 9 : 30 p. m. — Sleeping normally without 
twitchings. 

Sept. 26, 10 : 15 a. m. — The temperature was 100. She looked bright and 
playful and smiled. Her face was symmetrical; the reflexes were normal, and 
only slight rigidity of the neck was noted. No weakness. Five c.c. of serum 
were given. 

Sept. 27. — Temperature and pulse normal. No weakness. The child appeared 
well. 

Oct. 15. — Recovery was complete. 

Case 977. — G. S., a girl, aged 2 years. (Patient of Dr. F. C. Skinner, 
Le Claire, Iowa.) 

Sept. 23. — The child had had coryza and sore throat 5 days previously. One 
sister, a hired man, and the father had had similar attacks. She vomited 2 
nights before. The temperature was 102. She became drowsy the following 
day with severe spasm and twitchings of muscles at midnight. 12 : 30 p. m. — 
.There was slight rigidity of the neck. The left knee jerk was exaggerated, 
the right diminished and the right foot dragged slightly. The right eyelid 
drooped, and a weakness: of the muscles of the right side of the face was 
apparent on crying. The throat was moist. The tonsils were large and 
there was an enlarged lymph gland on either side, just outside the tonsil. The 
temperature was 100.4, the pulse 112. A spinal puncture was made, with spurt- 
ing of fluid, and 10 c.c. were obtained. Cell count 83, globulin test +. 
Six c.c. of serum were given. 

Sept. 24. — The temperature was normal, the pulse 80. The drawn con- 
dition of the face and the weakness of the right foot had disappeared. 

Oct. 15. — Recovery was complete. 

Case 982. — H. R., a boy, aged 3 years. (Patient of Dr. James Dunn, Daven- 
port, Iowa.) 

Sept. 25. — Two nights previously the child had vomited repeatedly. Twitch- 
ings of the muscles had occurred the following day and in the night he had 
diarrhea with stools of foul odor and containing a large amount of mucus. 
He had a severe convulsion in the night lasting 20 minutes, and in the morn- 
ing was stuporous. The temperature was 102. There were frequent move- 
ments of the bowels, containing much greenish mucus, but no blood. 11 : 45 a. m. 
— The child was extremely apathetic and the head was retracted. He could 
be aroused but would fall asleep immediately. The muscles twitched. The 
tonsils were large and there was much mucus in the throat. Pus was expressed 
from the left tonsil, but none from the right. There were a number of enlarged 
glands on the left side adjacent to the tonsil, but none on the right. The 
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knee jerk on the left side was increased, on the right side, diminished. There 
was decided weakness of the muscles of the right side of the face. A spinal 
puncture was made, the fluid was under pressure, and 12 c.c. were obtained. 
Cell count 25, globulin test +. Nine c.c. of serum were given. 6 p. m. — The 
temperature was 100. The child had rested quietly during the afternoon, he 
seemed brighter and talked. There was no change in the weakness of the 
right side of the face, and no weakness otherwise. 

Sept. 26, 7 : 30 p. m. — He appeared well and bright, and was hungry. The 
looseness of the bowels continued. The temperature was 98.6. There were 
no twitchings and the knee jerks were normal. 

Sept. 28. — The weakness of the right side of the face was absent; there 
was no other weakness. The bowel movements continued to contain a small 
amount of mucus. The temperature and pulse were normal. 

Oct. 15. — Recovery was complete. 

(Temperature and pulse curves, Chart 2.) 

Case 986. — M. P., a girl, aged 5 months. (Patient of Dr. J. W. Shields, 
Moline, Illinois.) 

Sept. 26. — The child had had a discharge from the nose 5 days previously, 
but otherwise seemed well until midnight when she had developed a high fever. 
The temperature at 6 a. m. was 102.2; at 8 a. m. 103.2. She vomited during the 
afternoon and was unusually drowsy. 5 : 30 p. m. — The tonsils were normal, 
the throat hyperemic and moist. The head was retracted, the neck stiff. Kernig 
sign present. The knee jerks were exaggerated and there was a doubtful 
weakness of the right arm. The right eye turned in at intervals. A spinal 
puncture was attempted, but no fluid was obtained. Five c.c. of serum were 
given. 

Sept. 27. — The temperature was normal. The slight weakness in the right 
arm and the right eye had disappeared. The child was apparently well in 
every respect. 

Oct. 15. — Recovery was complete. 

Case 994. — L. A., a girl, aged 4 years. (Patient of Dr. A. E. Williams, 
Rock Island, Illinois.) 

Sept. 27. — The child had apparently been perfectly well until noon, when 
she went to her mother asking to be held. She acted rather strangely, was 
extremely nervous and complained of pain in her throat. During the after- 
noon she complained of pain in her left foot. 2 p. m. — The temperature was 
104.4, the pulse 140-160. 5 p. m. — She vomited, was very drowsy and apathetic, 
but restless and extremely ill. 6 p. m. — The temperature was 102, the pulse 138. 
She was extremely apathetic and could scarcely be aroused. The head was 
retracted, the eyes rolled back and there was a tremor of the muscles over 
the entire body. 9 : 30 p. m. — A generalized convulsion occurred with involun- 
tary urination and defecation. She was alternately flushed and pale. 10 p. m. 
— The temperature was 104, the pulse 160. She was cyanotic, and the twitch- 
ings of the muscles of the face, hands and legs were severe. She became 
comatose and could not be aroused. There was weakness of the muscles of 
the right side of the face. The knee jerks were exaggerated, the head retracted 
and the neck stiff. Kernig and Babinski signs were marked. Spinal puncture 
was made with spurting of the fluid, and 10 c.c. were obtained. Cell count 19, 
globulin test +. Ten c.c. of serum were given. The twitchings disappeared 
during the injection of serum. 

Sept. 28, 7 a. m. — She slept quietly for 2 hours after the serum was given, 
but grew restless again and had a second convulsion at 3 o'clock. The tremors 
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returned, lasted for an hour and then gradually disappeared. The tempera- 
ture was 100.8, the pulse 120. The twitching of the hands was slight. She 
looked brighter. The weakness of the right side of the face had disappeared 
and there was no other weakness. 1 p. m. — Her color was good, she was active 
and begged for something to eat. She looked well. The knee jerks were 
normal. Kernig and Babinski signs were absent. There were no twitchings 
of any of the muscles. The temperature was 98.6, the pulse 88. There was no 
weakness. Seven and one-half c.c. of serum were given. 

Sept. 29. — The child was perfectly well. 

Oct. 15. — Urticaria 3 days after the serum treatment, and a slight edema of 
the eyelids 10 days later. Recovery was complete. 

(Temperature and pulse curves, Chart 2.) 

Case 1000— R. P., a boy, aged 3 years. (Patient of Dr. E. W. Bittner, 
Wheatland, Iowa.) 

Sept. 28. — He complained of pain in his stomach. His head had ached 4 days 
before and since then he had been feverish. There was a marked twitching 
of the muscles when he was asleep. He was unusually drowsy and lay with 
head retracted. The temperature was 101, the pulse rapid. Paralysis of the 
left side of the face began the day before. 10 p. m. — The paralysis of the 
left side of the face was almost complete and the weakness of the muscles of 
the neck was marked. His head would fall backward in bringing him to a 
sitting position. Strabismus was marked, and there was alternate flushing and 
pallor of the skin. He was extremely fretful and irritable. Ataxia was marked 
and the knee jerks were exaggerated. He was unable to shut the left eye. 
Spinal puncture was made; the fluid was under pressure and distinctly turbid, 
and 5 c.c. were obtained. Cell count 955, globulin test + +. Ten c.c. of 
serum were given. 

Sept. 30, 4 p. m. — The parents stated that the boy became quieter soon after 
the injection of serum, and rested quietly during the night. He appeared 
brighter in the morning. The muscles of the right side of the face were 
stronger, which was especially noticeable when he laughed and cried. The 
temperature was normal, the pulse 85. The muscles of the neck were decidedly 
stronger. He could hold his head almost normally when brought to a sitting 
position, and he walked without ataxia. There was no apparent weakness of 
the arms or legs. He could close his left eye completely. Eight c.c. of serum 
were given. 

Oct. 15. — Complete recovery except slight weakness of the left side of the 
face noticeable only on crying and laughing. Rapidly improving. 

RESULTS 

Group 2. — Patients showing slight paralysis at the time of the 
serum treatment. In 16 of the 17 patients in this group the paralysis 
was arrested, the fever and symptoms disappeared promptly and the 
restoration of function of the paralyzed or weakened muscles occurred 
rapidly, particularly in Cases 947, 951, and 994. The 16 patients were 
well with complete restoration of muscle-function in from 1-7 days 
after the serum was given. One patient (Case 958) who had severe 
infection of the tonsils with enlarged paratonsillar glands, showed a 
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slight extension of weakness* in the right thigh, but 6 weeks later 
restoration of muscle function was nearly complete. The age of the 
patients in this group ranged from 5 months to 23 years, the average 
being 5 years (Table 2). Eight were males and 9 were females. The 
spinal fluid was under increased pressure in all the cases in which the 
puncture was successful. In one (Case 986) the dura was not 
punctured. In three the fluid was distinctly turbid, and in the others 
it was clear. The amount withdrawn ranged from 0.3 c.c. to 35 c.c, 



TABLE 2 
Summary of Cases Showing Slight Paralysis at the Time of Serum Treatment 





Sex 


Age, 


Condition of Patient 


Spinal Fluid 


Case 


Amount 






No. 




Tears 




With- 
drawn, 
C.c. 


Cell 
Count 


Globu- 
lin 


939 


M 


7 


Stuporous, rigidity of neck, stuttering speech 
and hallucinations, weakness of right side 
of face 


0.3 


78 


+ 


940 


F 


10/12 


Twitching of muscles of face and fingers, weak- 
ness of right angle of mouth 


10 


155 


+ 


948 


M 


6 


Retraction of head, rigidity of neck, Kernig 
and Babinski both sides, left knee jerk ab- 
sent, ataxia, weakness of left foot, eyelids, 
and left side of face 


15 


18 


++ 


947 


M 


20 


Twitching of muscles, weakness of muscles of 
deglutition and tongue, inability to swallow 
solids, headache 


35 


9 


++ 


951 


M 


28 


Headache, muscular twitching, right knee jerk 
exaggerated, left diminished, ataxia, weak- 
ness of left leg and arm 


30 


18 


-r 


952 


P 


13/12 


Twitching of muscles, rigidity of neck, weak- 
ness of muscles of left side of face 


10 


22 


+ + 


958 


M 


5 


Rigidity of neck, double Kernig, muscular 
twitchings, weakness of extensors of right leg 


10 


141 


+ + 


961 


F 


11/12 


Weakness of left side of face and muscles of 
neck. Slight difficulty in swallowing 


10 


130 


+ 


969 


F 


2 


Rigidity of neck, double Kernig. Tremulous, 
right knee jerk exaggerated, left very weak, 
weakness of right side of face, left leg and 
internal recti 


8 


17 


+ 


970 


M 


15/12 


Retraction of head. Marked weakness of mus- 
cles of neck, right side of face and tongue. 
Knee jerks absent 


10 


194 


+ 


974 


P 


8 


Weakness of muscles of right side of face. 
Knee jerks exaggerated. Rigidity of neck. 
Marked colitis 


10 


44 


+ 


977 


P 


2 


Knee jerks unequal. Weakness of right foot, 
right eyelid and right side of face 


10 


83 


+ 


981 


P 


8/12 


Retraction of head. Tremors. Knee jerks ex- 
aggerated. Weakness in extensors of hands 


2 


475 


+++ 


982 


M 


3 


Retraction of head. Weakness of muscles of 
right side of face. Inequality of knee jerks 


12 


25 


+ 


986 


F 


5/12 


Rigidity of neck. Double Kernig. Doubtful 
weakness of right arm 








994 


P 


4 


Comatose. Severe twitching of muscles. Rig- 
idity of neck. Double Kernig and Babinski. 
Knee jerks exaggerated. Partial paralysis 
right side of the face 


10 


19 


+ 


1000 


M 


3 


Almost complete paralysis left side of face. 
Marked weakness of muscles of neck. Stra- 
bismus. Marked ataxia 


5 


955 


++ 
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the average being 12 c.c. The cell count ranged from 9-955 cells per 
cubic millimeter, the average count being 149. The globulin test was 
positive in all. The temperature at the time of the first injection was 
between 98 and 102 in 12 of the cases, between 102 and 103 in 3, and 
104 in 2. The pulse was unusually rapid as in the patients in Group 1. 
The serum treatment was begun on the first day in 5 cases, on the 
second day in 6, on the third day in 2, and on the fourth day in 4. In 
10 cases only one injection was given, in 6 two injections, and in 1 



TABLE 2.— Continued 
Summary of Cases Showing Slight Paralysis at the Time of Serum Treatment 



Day 
of 
Dis- 
ease 


Temper- 
ature 
at 

Time of 
Treat- 
ment 


Total 
Amount 

of 

Serum 

Given, 

C.c. 


Result 


4 


101 


7.5 


Temperature dropped promptly, mental condition improved, 
weakness of faee disappeared entirely 


1 


104 


11 


Temperature dropped abruptly. Prompt and complete 


2 


101.5 


10 


Prompt disappearance of temperature. No extension of 
paralysis. Rapid and complete recovery 


2 
1 


99.8 
99.6 


22 
82 


Headache and muscular twitchings disappeared during serum 
injection. Ability to swallow returned within 1 hour. 
Complete recovery in 24 hours 

Prompt and complete recovery. No extension of paralysis 


1 

2 
3 
4 


103 

101.4 

102 

102 


6 
23.5 

5 
15 


No extension of paralysis. Temperature dropped by crisis. 

Complete recovery 
Distinct extension of paralysis of right leg. Ultimate com- 
plete recovery 

Temperature disappeared promptly. No extension of paralysis. 
Complete recovery 

No extension of paralysis. Hapid and complete recovery 


4 


100.6 


10 


No extension of paralysis. Marked early improvement. Com- 
plete recovery 


2 


98,6 


10 


No extension of paralysis. Complete recovery 


2 


100.4 


6 


No extension of paralysis. Complete recovery 


3 


102.8 


12 


No extension of paralysis. Complete recovery 


2 
1 


102 
102.2 


9 
5 


Kapid disappearance of temperature. No extension of par- 
alysis. Complete recovery 
Prompt recovery 


1 


104 


17.5 


No extension of paralysis. Complete recovery within 24 hours 


4 


101 


18 


Prompt improvement following both serum injections. Almost 
complete recovery. Slight weakness of left side of face 
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three injections. The amount given ranged from 5-32 ex., the average 
being 13 c.c. A prompt drop in temperature and pulse rate occurred 
in nearly all instances. The improvement in this group was quite as 
striking as that in Group 1, and could be measured more accurately 
by noting the improvement in the function of the weakened or paral- 
yzed muscles. The drop in the temperature and pulse rate in this 
group, as in Group 1, occurred without an initial rise (Chart 2). The 
symptoms in some patients, as of those in Group 1, began to disappear 
while the serum was being slowly injected, or soon thereafter (Cases 
947, 951, 994, and 1000) and in at least one patient (Case 994) unmis- 
takable symptoms of a rapidly progressing bulbar type of the disease 
disappeared promptly after the injection of serum, recovery being 
practically complete within 24 hours. 

Cases Showing Advanced Paralysis at the Time 
of Serum Treatment 

Case 931.— H. M., a boy, aged 6 years. (Patient of Dr. D. G. Kreul, 
Davenport, Iowa.) 

Aug. 29. — The patient was perfectly well until 8 days before, when for 
several days he had a slight fever and did not eat well. He then appeared 
well until 5 days later, when he complained of pain in the back of the neck 
and of feeling sick all over. He felt hot and vomited, was restless, tossed 
about and talked continuously in his sleep. There was pain and stiffness of 
the neck. The pain in the neck was aggravated on attempting to flex the head. 
The pulse was rapid and the temperature 100.5. The following day his con- 
dition was much the same but the temperature was 101.5. There was no evi- 
dent paralysis. On the morning when first seen the pain and stiffness in the 
neck had disappeared. He awakened his father at 5 o'clock telling him that 
he could not move his right arm ; his temperature was 101.6. 10 p. m. — There 
was almost complete flaccid paralysis of the right shoulder, extension of the 
right hand was weak, the grasping power quite well preserved. There was 
definite weakness in the right leg, but he could kick a hand with the leg held 
in extended position. The knee jerk on the right side was absent, on the left 
diminished. There was tremor of the muscles of the jaw and complaint of 
pain in the right ankle. 

Aug. 30, 2 p. m. — Pain in the right ankle and leg was still present. The 
patient was restless and the paralysis had extended. Knee jerks on both sides 
were absent and the child was unable to lift the right leg in extended posi- 
tion. The left eyelid drooped, there was tremor of the muscles of the jaw 
and lips and marked weakness of the muscles of the neck. The temperature 
was 101.8, the pulse 140. A spinal puncture was made, the fluid was under 
pressure and 15 c.c. were withdrawn. Cell count, 135, globulin test +. Four 
c.c. of immune serum were injected intravenously. No untoward symptoms 
followed the injection. 9 p. m. — The child rested and slept quietly for 2 hours 
after the injection of serum, for the first time since the onset of the illness. 
The pain in the right leg had disappeared. Eight c.c. of serum were injected. 

Aug. 31, 8:30 a. m. — The parents stated that the boy slept quietly without 
awakening until 4 a. m. He looked bright and appeared rested. The tremor 
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of the muscles of the jaw, and the drooping of the left eyelid had disappeared. 
There was no extension of paralysis in the right shoulder and he could again 
lift the right leg in extended position. The temperature was normal. 8:30 
p. m. — Undoubted improvement had occurred in the right arm. He could 
reach for things on the opposite side of his body. He kicked a hand V/n ft. 
above the bed with the right leg in extended position. The knee jerk on the 
left side had returned. Eight c.c. of serum were injected. 

Sept. 2. — There was marked improvement in muscle power in the right arm 
and leg, and the muscles of the neck were stronger. He appeared well. 

Sept. 27. — The boy was up and around and walked without dragging the 
right foot. There was still slight weakness in the muscles of the back. He 
was able to move the right arm in every direction, but could not yet hold the 
arm in a horizontal position. 

Oct. IS. — There was almost complete restoration of muscle function. 

(Temperature and pulse curves, Chart 3.) 

Case 932. — W. D., a boy, aged 3% years. (Patient of Dr. W. Matthey, 
Davenport, Iowa.) 

Aug. 30. — There had been fever, vomiting, and diarrhea 4 days before. The 
child became very tremulous and nervous and this condition was soon fol- 
lowed by drowsiness and listlessness. A slight weakness of the left leg was 
noted 3 days later. The boy dragged the left foot, was cross and complained 
of pain in the left leg. 3 p. m. — There was evident weakness in both legs, 
but more marked in the left; he was unable to walk but could still lift the left 
leg in extended position. The knee jerk was absent on the left side and barely 
obtainable on the right. There was rigidity of the neck and attempts at flexion 
caused pain. 5 p. m. — The weakness in the legs had increased markedly. He 
was now entirely unable to lift the left leg from the bed or to flex the thigh. 
The temperature was 101.5, the pulse very rapid. A spinal puncture was made, 
The fluid was under pressure and 12 c.c. were obtained. Cell count 94, globulin 
test +. Four c.c. of serum were given; no untoward symptoms followed the 
injection. 

Aug. 31, 1 p. m. — The general condition had improved. He was no longer 
drowsy or listless but appeared bright and had slept better than on previous 
nights. The paralysis had not extended. The knee jerk on the left side was 
still absent while that on the right was more vigorous. The temperature was 
normal. Seven and one-half c.c. of serum were given. 

Sept. 1, 12 m. — A spinal puncture was made, the fluid was not under pres- 
sure, and 1 c.c. of clear fluid was obtained. The general condition was good. 
There was undoubted increase in strength in both legs. He complained of 
pain in the left leg. Six c.c. of serum were given. Improvement in muscle 
function was rapid. The pain and the tendency to draw up the leg continued 
for some time. Three weeks later the boy could ride a tricycle but was not 
yet quite able to bear his weight on the left leg. 

Case 933. — L. C, a girl, aged 8 years. (Patient of Dr. P. A. Bendixon 
and Dr. Wm. H. Rendleman, Davenport, Iowa.) 

Aug. 31. — The tonsils and adenoids were removed 3 years previously and 
there had been no trouble with the throat since that time. The girl had an 
attack of indigestion 1 month previously but recovered completely following 
the administration of laxatives. She had remained well until a week before, 
since which time she had felt ill. Four days before sfie complained of having 
pain and a lump in her throat. Three days before she began to vomit, had 
fever, a temperature of from 101 to 102, and the vomiting continued. She 
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Summary of Cases Showing Advanced Paralysis at the Time of Serum Treatment 
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Almost complete paralysis ol right arm and 
right leg, marked weakness ol muscles ol 
neck 

Almost complete paralysis ol left thigh. Par- 
alysis rapidly progressing 

Inability to swallow or speak, marked weak- 
ness ol muscles ol neck, beginning paralysis 
of respiratory muscles, persistent vomiting 

Marked weakness ol muscles ol neck, paralysis 
ol right side of face, paralysis extending 

Paralysis of lower extremities, restlessness.... 

Marked cyanosis, pulse barely obtainable, 
complete paralysis of thorax and diaphragm, 
kept alive by artificial respiration 

Paralysis of arms, muscles of neck and thorax, 
inability to swallow, marked cyanosis, edema 
of lungs, extremities cold, pulse barely 
perceptible 

Semicomatose, rigidity of neck and left leg 
and arm, retraction of head. Weakness ol 
left side ol lace, left index finger and lelt 
thumb 

Extremely drowsy, marked weakness ol left 
leg, ataxic and tremulous. Cyanotic, par- 
alysis of left side ol lace, paralysis of upper 
part of chest 

Progressing ascending paralysis, almost com- 
plete paralysis of legs and arms, and mus- 
cles of eyelids 

Retraction of head, rigidity of neck, marked 
weakness of right side of lace and eyelids, 
photophobia, muscles ol face tremulous, 
marked weakness of left knee jerk, drowsy 

Typical ascending paralysis, complete paralysis 
of legs, abdominal muscles and diaphragm, 
partial paralysis of thorax, arms, and mus- 
cles of deglutition, air hunger 

Paralysis ol muscles ol lower extremities, 
marked weakness ol back, neck, and left 
arm, hyperesthetie and Iretlul 

Marked weakness of muscles of left leg, back, 
neck and external rectus, and right eye 

Comatose, cyanotic, mucous rattle in throat, 
inability to swallow, complete paralysis ol 
lower extremities and upper thorax, twitch- 
ing ol eyeballs, extremities cold 

Cyanosis. Persistent vomiting. Inability to 
swallow. Paralysis ol external recti. Weak- 
ness ol muscles ol left arm and thorax 

Marked weakness of muscles of arms, legs, 
neck and pharynx, complete paralysis of ex- 
ternal recti, twitching of eyeballs, difficulty 
in swallowing, paralysis rapidly progressing 

Comatose, combined flaccid and spastic par- 
alysis ol lower extremities. Kernig and 
Babinski signs, stiffness and retraction ol 
head 

Almost complete flaccid paralysis ol right arm 
and lelt leg, weakness of muscles of neck 

Stuporous, inability to swallow, complete par- 
alysis of thorax and left side of diaphragm, 
marked weakness of muscles of neck, arms 
and left leg 

Paralysis of right arm and leg, retraction of 
head, eyes turned sharply to left, knee jerk 
of right side absent, left side exaggerated 

Marked weakness of right leg and thigh 



Ascending paralysis, complete paralysis of left 
leg, marked weakness of right leg and both 
arms 

Almost complete paralysis of right side of 
face and right leg, complete paralysis of 
right arm, weakness of muscles of back 

Marked weakness of right leg and arm and 
muscles of back, irritable, cross. Severe 
pain in legs 
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TABLE 3.— Continued 
Summary of Cases Showing Advanced Paralysis at the Time of Serum Treatment 



Day 
of 

Dis- 
ease 


Temper- 
ature 
at 

Time of 
Treat- 
ment 


Total 
Amount 

ol 

Serum 

Given, 

C.c. 


Result 


3 


101.8 


20 


Prompt drop in temperature. Paralysis arrested. Eapid 
recovery ol muscle Junction 


4 
4 


101.5 
101.4 


17.5 
25 


Prompt drop in temperature. Paralysis arrested. Early and 
marked improvement. Complete recovery assured 

Paralysis arrested. Vomiting and temperature disappeared 
promptly. Rapid restoration ol muscle Junction 


3 


98.6 


6 


Paralysis arrested. Almost complete recovery 


14 
1 


98.6 


5 

16 


Restlessness disappeared. No apparent effect on paralysis. 

Improvement slow 
No apparent effect. Death from respiratory failure 


3 


105 


17 


Temporary improvement. Death Irom respiratory lailure 


8 


100 


25 


Temporary improvement following 3 injections of serum. 
Death, apparently from exhaustion 


1 


103 


16 


Temporary improvement. Death Irom respiratory failure 


4 


101.5 


24 


Paralysis arrested, marked early improvement but marked weak- 
ness ol legs, improvement continuing markedly 5 weeks later 


2 


102 


36 


Temporary improvement lollowing first injection of serum. 
None following subsequent injection. Death from respira- 
tory failure 


4 


101 


35 


Definite improvement following first injection. No apparent 
effect lollowing subsequent injections. Died from respiratory 
failure 


3 

5 
4 


99.8 
104 


6 

6 

6 


Temperature dropped to normal. Less restlessness. . No exten- 
sion of paralysis. Marked improvement. Will probably 
recover completely 

No extension ol paralysis. Marked improvement soon after 
giving serum 

Temporary improvement. Died of respiratory failure 


2 


103 


12.5 


Temporary improvement. Died of respiratory failure 


3 


103.5 


22 


Paralysis arrested. Marked early improvement in muscle func- 
tion. Complete recovery assured 


14 




10 


No apparent effect. Died 


4 
3 


99 
100.6 


10 
12 


Temperature and pulse rate became normal within 24 hours. 

No extension of paralysis. Improvement slow 
Temporary improvement. Died, apparently of terminal 

bronchopneumoni a 


2 


102.8 


6.5 


No extension of paralysis. Prompt improvement. Tempera- 
ture normal within 24 hours 


4 
2 


100 

100 


10 

45 


No extension ol paralysis. Gradual improvement In muscle 

function 
Paralysis arrested. Prompt improvement. Almost complete 

restoration of muscle function except in left leg 3 weeks later 


4 


99.6 


17.5 


Paralysis arrested. Prompt improvement at first, then gradual 
improvement. Complete recovery assured 


14 




12 


Decided improvement in general condition. Pains disappeared. 
Decided gain in muscle function within 36 hours. 
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was unable to keep anything on her stomach. There was retraction of the 
head and pain in the neck and throat; she was extremely restless, nervous, 
irritable, and trembly at times. The day before she began to have trouble in 
swallowing and choked at every attempt to swallow. 

Aug. 31, 2 p. m. — She had repeated choking spells in which she became 
cyanotic and death appeared imminent. She was unable to speak, her face was 
much distorted, she was utterly unable to swallow, and there were almost con- 
stant attempts at vomiting. The muscles of the pharynx and the tongue were 
very weak, the throat was diffusely hyperemic and thickly covered with mucus. 
There was a moderate amount of infected lymphoid tissue in the region of the 
left tonsil. The thyroid was enlarged. There was marked weakness of the 
muscles of the neck and tremor of the muscles of the forearm. The pupils were 
dilated. There was marked pallor. The temperature was 101.4, the pulse 160, 
and the respiration shallow. The expansion of the chest was diminished in 
its upper portion; the respirations were chiefly diaphragmatic and there was 
moderate cyanosis. A spinal puncture was made, the fluid was under marked 
pressure and 30 c.c. were withdrawn. Cell count 165, globulin test + +. Ten 
c.c. of serum were given. 9:30 p. m. — The girl had rested quietly most of the 
time since the injection of the serum. She had slept at intervals, the pulse 
was less rapid and of better quality. She could swallow better and the cyanosis 
was absent. Five c.c. of serum were given. 

Sept. 1, 10 p. m. — There was a marked change in the condition of the patient. 
Cyanosis had disappeared. Expansion of the chest was normal. She could 
speak. The weakness of the muscles of the neck was less marked but there 
was still difficulty in swallowing. Vomiting had entirely disappeared. Fluids 
and nutrients were given per rectum. Ten c.c. of serum were given. 

Sept. 2. — The temperature was normal, and there was marked change for 
the better in every respect. She could swallow small amounts of liquid with the 
head held to the left side. There was pain in the back of the neck. 9 : 30 p. m. 
— The pain in the back of the neck had disappeared, but there was some 
difficulty in swallowing for a week. There was general improvement from the 
time of the first injection of serum. Five weeks later there was no evidence 
of paralysis anywhere except a slightly drawn condition of one side of the 
face, and no difficulty in swallowing meat. The girl was perfectly well. 

(Temperature and pulse curves, Chart 3.) 

Case 934. — A. H., a boy, aged 2 years. (Patient of Dr. L. F. Newburn, 
McCausland, Iowa, and Dr. J. T. Haller, Davenport, Iowa.) 

Aug. 31. — The patient was perfectly well until 3 days before, when he 
became drowsy and prostated; he vomited, had diarrhea and was feverish. 
There was retraction of the head. The temperature was 102. There was 
paralysis on the right side of the face 2 days later, but no other weakness was 
noted. 2 p. m. — There was marked weakness of the muscles of the neck; he 
was unable to hold his head erect. The right side of the face was completely 
paralyzed, he could not close the right eye, and the paralysis was rapidly 
extending. The temperature was normal, the throat and tonsils reddened, and 
a large amount of pus was expressed from the pole of the left tonsil, but none 
from the right. An enlarged lymph gland was noted outside the tonsil on the 
left side, but none on the right. The knee jerks were normal. A spinal 
puncture was made, the fluid was under pressure, and 15 c.c. were withdrawn. 
Cell count 60, globulin test +. Six ex. of serum were given. 

Sept. 1. — The temperature was normal. The child appeared brighter. There 
was no extension of paralysis. 
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Sept. 12. — There was complete recovery except slight weakness of the right 
eyelid. 

This patient was in the country. A neighbor's child had recently died of 
"intestinal disturbance," with pain and rigidity of the neck. There had been 
no contact until 3 days before the onset of the symptoms in this child. 

Case 935— C. S., a girl, aged 18 months. (Patient of Dr. D. G. Kreul, 
Davenport, Iowa.) 

Aug. 31. — Typical onset 2 weeks previously with restlessness, vomiting, fever, 
hyperesthesia, pain in the back of the neck, retraction of the head, followed 
by almost complete paralysis of the lower extremities. Restlessness was still 
present, although the temperature had been normal for 10 days. The patient 
continued to have crying spells for an hour at a time and there was no improve- 
ment in the paralysis. Because of this it was thought that the serum might 
still do some good. 9 p. m. — A spinal puncture was made, the fluid was under 
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Chart 3. Temperature and pulse curves of patients showing advanced paralysis at the 
time of serum treatment. 



slight pressure, and 15 c.c. were withdrawn. Cell count and globulin test nega- 
tive. Five c.c. of serum were given. 

Sept. 1. — There was no apparent change except that the baby rested better. 
The crying spells and the restlessness had disappeared. 

Oct. 15. — Only moderate improvement in muscle function; marked weakness 
in legs. 

Case 937.— L. B„ a boy, aged 4 years. (Patient of Dr. F. Neufeld, Daven- 
port, Iowa.) 

Sept. 1, 2 p. m. — There had been vomiting, diarrhea, headache, retraction of 
the head, marked tremor and high fever since the day before. On our arrival 
the patient was dying from respiratory failure. He was gasping for breath, 
there was marked cyanosis, the pulse was barely obtainable, and the extremities 
were cold. The thorax was immobile and there was very faint contraction of 
the diaphragm. He was kept alive by artificial respiration for a number of 
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hours. A spinal puncture was made, the fluid was under pressure, and 10 c.c. 
were obtained. Cell count 185, globulin test + + +. Two and one-half c.c. 
of serum were injected intraspinously and 16 c.c. intravenously. There was 
no apparent effect and the cyanosis continued despite the artificial respiration. 
The patient died 2 hours later. 

Case 938.— H. K., a boy, aged 12 years. (Patient of Dr. F. E. Rudolf and 
Dr. L. F. Guldner, Davenport, Iowa.) 

Sept. 3. — The child was apparently well until 3 days before, when he felt 
sick, acted strangely, and was extremely restless. He vomited nearly all of the 
following night. The next day he had severe pain in the back of the head 
and neck; the neck was stiff; the temperature was 101. He was tender every- 
where, did not want to be handled, and was extremely restless. Trouble in 
swallowing began that night. The temperature was 105. The difficulty in swal- 
lowing grew steadily worse during the day. He developed great weakness of 
the muscles of the arms, the neck and the face. 4 : 30 p. m. — The throat was 
hyperemic, the tonsils large and infected. One large cervical gland was noted 
just outside each tonsil and a second gland outside the right. There was com- 
plete paralysis of the arms, the muscles of the neck, and thorax, and the res- 
pirations were entirely diaphragmatic. The child choked with every attempt 
to swallow. There was a mucous rattle in the throat and frothy mucus flowed 
from the mouth. The extremities were cold; there was clammy sweat on the 
face; the eyes turned back; there was marked cyanosis; the skin was dusky 
and mottled; the radial pulse was barely perceptible. The patient continued 
to be extremely restless and tossed about incessantly in attempting to swallow 
and to get his breath. A spinal puncture was made, the fluid was under marked 
pressure and 20 c.c. were obtained. Cell count 320, globulin test + + +. The 
patient had had diphtheria antitoxin some years previously. Twenty-five 
hundredths c.c. of serum was given intravenously, followed in 30 minutes by 
5 c.c, and in 2 hours by 12 c.c. 7 p. m.- — The extremities were warm, the pulse 
was easily perceptible and regular but rapid. The chest was immobile. 8 : 30 
p. m. — Died. 

Case 942.— C. E., a boy, aged 11 months. (Patient of Dr. R. Dart, Rock 
Island, Illinois.) 

Sept. 6. — The infant was perfectly well until 8 days previously when he 
had fever which was thought to be due to teething, 3 teeth being in the process 
of eruption. He had been feverish ever since. The temperature 5 days before 
was 102.5, 4 days before, 100. During most of this time there was constipa- 
tion but the last 2 days there was slight diarrhea with green stools. A peculiar 
staring condition developed the day before. The head was retracted, the eyes 
were rolled back and he was unable to nurse. Severe convulsions in the morn- 
ing were followed by difficulty in swallowing. The temperature was 101. 
1 p. m — The left arm and leg were held stiff; the fingers of the right hand 
were flexed tightly. There was a peculiar staring condition of the eyes. The 
child was semicomatose; the head retracted and the neck stiff. The tempera- 
ture was 100, the pulse 110. The tonsils were large; a large amount of pus 
was expressed from the left. Two enlarged lymph glands were palpable on 
the left side of the neck just outside the tonsils, but none on the right. The 
head and neck were held stiff. There was bulging of the fontanelles. He was 
unable to close the left eye. The left side of the face was partially paralyzed. 
The knee jerks were exaggerated. He was unable to extend the left index 
finger and the thumb. The bowels were flushed with a hypertonic solution 
of sodium chlorid and sodium bicarbonate. A large amount of fecal material 
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containing a moderate amount of mucus was obtained. A spinal puncture was 
made, the fluid was under pressure, and 12 ex. were withdrawn. Cell count 
144, globulin test +. The spastic condition of the left arm and leg were not 
relieved for an hour after the spinal puncture and there was a generalized 
spasm with retraction of the head IS minutes afterward. The temperature 
was 100, the pulse 130. 2 p. m. — Five c.c. of serum were given. Ten minutes 
after injection of the serum the staring disappeared from the eyes, the left 
arm and leg relaxed, the baby yawned normally and went to sleep with the 
eyes completely closed for the first time in 24 hours. 

Sept. 7, 9 a. m. — The child rested quietly all the afternoon and evening. 
The left arm and leg were relaxed. During the night the baby had spells when 
the arms and legs were set; one severe spasm occurred at midnight and 7 or 
8 lighter spasms after that time. The child lay quietly with the eyes open; 
there was less rigidity of the neck. The fontanelles bulged and pulsated with 
each pulse beat. A spinal puncture was made, the fluid spurted, and IS c.c. 
were withdrawn. Cell count 80, globulin test +. Ten c.c. of serum were given. 
There was no apparent increase in the paralysis. 

Sept. 9, 1 p. m. — The condition was about the same. There was no apparent 
increase in the paralysis, but there was general spasticity of the legs and arms, 
and the neck was rigid. The child was semicomatose. Ten c.c. of serum were 
given. The spastic condition of the arms and legs largely disappeared 30 
minutes after the injection of the serum. He moved both legs. 9 p. m. — 
The condition of the patient was better. The temperature was normal. The 
spastic condition of the arms and legs had disappeared. He was able to swallow 
barley water. There were no spasms since the serum was given in the afternoon. 

Sept. 10, 2 : 30 p. m. — The arms and legs were relaxed. There was no 
retraction of the head. The mouth closed. There was marked exhaustion, 
the extremities were cold, there was a mottling of the skin and cyanosis; the 
pulse was 180. 6 : 30 p. m. — Death occurred, apparently from exhaustion. 

Case 943. — E. S., a boy, aged 2 years. (Patient of Dr. E. P. Ficke, Daven- 
port, Iowa.) 

Sept. 7. — The child was slightly indisposed incident to the eruption of a 
tooth 2 weeks previously. He did not appear to have fever and was well until 
10 a. m. the day before. Since then he had whined and felt generally miserable. 
He was restless and hot all night; vomited his supper at 7 in the morning and 
at 9 a. m. he vomited a large amount of slimy material streaked with blood. 
He insisted on being held and was very drowsy all the forenoon. 12 : IS p. m. — 
The temperature was 102.3, the pulse 150. The respirations were jerky. The 
right knee jerk was normal, the left sluggish. He was tremulous and ataxic, 
scarcely able to walk, and tended to fall to the left. There was marked dis- 
tention of the abdomen. S p. m— He was very drowsy, could scarcely be 
aroused; he lay with head retracted, eyes rolled back, mouth open. He was 
unable to walk, was very ataxic and tremulous, falling to the left, and there 
was marked weakness of the left leg. The temperature was 103, the pulse 
130 and irregular. There was alternate flushing and pallor of the skin. There 
was paralysis of the left side of the face and he was unable to close the left 
eye. The arms and legs were tremulous, the knee jerk on the right side was 
markedly exaggerated, that on the left side was not obtainable. The breathing 
was jerky. There was no expansion of the upper part of the chest. The 
respirations were almost wholly diaphragmatic. There was moderate cyanosis. 
A large amount of mucopurulent material was found in the nasopharynx. The 
throat was moderately reddened and the tonsils were large. A small amount 
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of pus was expressed from the pole of the left tonsil. 5:30 p. m. — A spinal 
puncture was made, the fluid spurted, and IS c.c. were obtained. Cell count 120, 
globulin test +. Ten c.c. of serum were given. 8 p. m. — The temperature 
was 102.2. The bowel movements contained a large amount of mucus. 10 : 30 
p. m. — The temperature was 103. The general condition was about the same. 
There was marked trembling in the arms. 

Sept. 8, 4 a. m. — The parents became greatly alarmed; the child jumped up 
into sitting position, apparently strangling in an unsuccessful attempt to vomit, 
and turned white and cold. The bowels moved during this attack and again 
in 20 minutes, the movements containing a large amount of mucus. The tem- 
perature was 103. There was vertical nystagmus. The expansion of the upper 
chest had returned and the paralysis had apparently not extended. There was 
less retraction of the head. The child appeared more relaxed and there was 
less trembling. 

Sept. 8, 5: 30 a. m. — Six c.c. of serum were given. 11 a. m. — The temperature 
was 105. There was marked cyanosis and rattling in the throat. 11:30 a. m. — 
Death occurred from edema of the lungs and respiratory failure. 

Case 945.— V. S., a girl, aged 14 years. (Patient of Dr. L. F. Sullivan, 
Donahue, Iowa, and Dr. F. Lamback, Davenport, Iowa.) 

Sept. 8. — The patient had had an enlarged thyroid for 2 years. About 3 
weeks previously an abscessed tooth had caused toothache. A dentist had 
treated it 3 times and filled it 5 days previously. For a number of days there 
had been pain in the side of the face and about the ears which was thought 
to be due to the teeth. Pain in the epigastrium 4 days previously had been 
relieved with castor oil. She had high fever 4 nights before and was generally 
ill. The morning before, while drying dishes her legs suddenly became weak 
and she fell in walking up a few steps, but was able to walk to bed with her 
mother's help. 2 p. m. — The knee jerks were absent. There was no apparent 
weakness in the arms. 6 : 30 p. m. — She appeared quite well while lying in 
bed, and did not complain of pain. The thyroid was large and firm. There 
was slight stiffness of the neck, and attempt to flex the head caused pain. 
There was absence of knee jerks on both sides; marked Kernig and almost 
flaccid paralysis of legs and arms. When the arms and legs were lifted from 
the bed, they dropped limply. On examining the tonsils the muscles of the 
jaw and lips were very tremulous. There was marked photophobia, both 
vertical and horizontal nystagmus and marked drooping of the eyelids. There 
was much phlegm in the throat, the tonsils were large, and pus was expressed 
from the pole of the right. There were 2 small glands outside the right tonsil 
and one on the left. A spinal puncture was made, the fluid was under moderate 
pressure and 15 c.c. were obtained. Cell count 130, globulin test +. Five- 
tenths c.c. of serum was given intravenously, followed in 1 hour by 12 c.c. intra- 
venously. The patient had had diphtheria antitoxin some years previously. 

Sept. 9, 5 p. m. — There was no demonstrable increase in the paralysis any- 
where and undoubted improvement in the extensors and flexors of the fore- 
arms. Twelve c.c. of serum were given. 

Sept. 10. — No apparent extension of paralysis. 

Sept. 11. — Photophobia was absent. The nystagmus had disappeared. She 
could rotate the legs and open the eyes normally. 

Sept. 15. — There was severe urticaria associated with pain in the extremities 
and spasms of the muscles of the back. 

Sept. 29.— The patient was able to sit up in a wheel-chair. She could bring 
both hands to her mouth. There was no paralysis of eyes or face. The 
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grasping power in the arms was quite marked. She had some strength in the 
lower extremities but was still unable to walk. The knee jerks were absent. 
Oct. 16. — There was marked improvement in muscle power, especially of 
arms, perfect control, except of right deltoid. The power in the lower extremi- 
ties was gradually returning. 

Case 948.— B. W., a girl, aged 11 years. (Patient of Dr. F. Neufeld, Daven- 
port, Iowa.) 

Sept. 10, 8 a. m. — The patient was well until the morning before when she 
awoke with headache and pain in the back of the neck. She did not eat break- 
fast or dinner. The temperature was 102, the pulse 138. There was tremor 
of the hands, and the neck was stiff. 2 p. m. — She vomited. The tempera- 
ture was 103, the pulse 140. 6 p. m. — The temperature was 102, the pulse 145. 
9 p. m. — The face was flushed, the head retracted. There was marked photo- 
phobia, the eyes were partially closed. The throat was hyperemic, containing 
a large amount of mucus. The tonsils were enlarged, especially the left, and 
a large amount of pus was expressed from the pole. There was an enlarged 
lymph gland outside the left tonsil; none on the right side. While examining 
the throat the muscles of the face were very tremulous. She was ataxic. 
The neck was stiff and painful and the right side of the face and the eyelids 
were partially paralyzed. The knee jerk was active on the right side, but 
hard to obtain on the left side. Kernig was present on both sides. The tem- 
perature was 102, the pulse 145. She was apathetic and drowsy, could be 
aroused, but immediately went back to sleep. A spinal puncture was made, 
the fluid was under moderate pressure and distinctly turbid; 20 c.c. were 
obtained. Cell count 316, globulin test + +. Six c.c. of serum were given. 

Sept. 11, 9 a. m. — She looked brighter. Photophobia was present. The 
paralysis of the right side of the face was marked. She complained of head- 
ache. There was less rigidity of the neck. She was ataxic. Slight weakness 
was noticeable in the legs when she walked. The temperature was 101 at 
2 : 50 in the morning. White blood count 13,200. 1 p. m. — She had been drowsy 
most of the forenoon, and still complained of pain in the neck and back. She 
appeared very sick. There was undoubted extension of the paralysis; photo- 
phobia was marked. There was lateral nystagmus of both eyes ; she was 
unable to raise the eyelids completely. The temperature was 101.6, the pulse 124. 
The right arm was weak, and the grasping power of the hands was diminished 
on both sides. The expansion of the upper chest was limited. Twenty c.c. of 
serum were given. Soon after the injection the patient appeared brighter, took 
interest in her surroundings and said that the headache had disappeared. 6 p. m. 
— The temperature was 103, the pulse 128. The general condition was about 
the same. There was no apparent extension of the paralysis. 

Sept. 12, 8 : 45 a. m. — The temperature was 103, the condition worse. There 
was only slight expansion of the lower portion of the chest, the upper portion 
was immobile and respirations were almost wholly diaphragmatic. She was 
cyanotic and seemed anxious and air hungry. Her voice was weak and tremu- 
lous. 10 a. m. — The temperature was 102, the pulse 128. The condition was 
rapidly growing worse. She was comatose and there was marked weakness 
of both arms. The knee jerks were absent, the plantar reflexes were weak and 
much delayed. She was unable to lift her legs from the bed in extended 
position but could flex them at the knees. Extension and flexion of feet were 
normal. Respirations were diaphragmatic. The abdomen was tympanitic and 
there was tenderness in the upper half. A spinal puncture was made, the fluid 
was clear and under slight pressure; 10 c.c. were obtained. Ten c.c. of serum 
were given. 



414 E. C. Rosenow 

Sept. 13.— The patient died at 2 : SO a. m. 
(Temperature and pulse curves, Chart 3.) 

Case 949.— S. C, a girl, aged 17 years. (Patient of Dr. L. F. Newburn, 
McCausland, Iowa.) 

Sept. 11. — The patient was perfectly well until 4 days before, when she had 
a headache thought to be due to a bilious attack, since she had been subject 
to such attacks. The following day she vomited repeatedly, she was restless, 
nervous, and was unable to sleep that night. The next day she felt no better 
and noticed a peculiar twitching of the muscles. She sat at the table at noon 
and then went to bed. Several hours later she got out of bed and in attempting 
to walk fell to the floor and had to be lifted into bed because of weakness of 
the legs. 6 p. m. — There was almost complete flaccid paralysis of the legs, 
and marked weakness of the arms. Air hunger and partial paralysis of the 
muscles of the chest were noted. The temperature was 100. 

Sept. 12, 1 : 30 a. m. — The patellar, triceps, and biceps reflexes were absent. 
The head was retracted, the voice was very weak and tremulous and the res- 
pirations labored ; there were symptoms of air hunger. The diaphragm was 
immobile and the excursions of the thorax were limited. She had difficulty 
in swallowing. There was almost complete flaccid paralysis of the upper and 
lower extremities; she could just brfng the left hand to her mouth. There was 
marked tremor and twitching of the muscles about the face. The temperature 
was 101. The throat was hyperemic, the left tonsil was large, the right small. 
A moderate amount of pus was expressed from the pole of the left tonsil, none 
from the right. There was a large amount of thick, glairy, mucopurulent 
material in the nasopharynx. There were 2 enlarged lymph glands on the left 
side of the neck just outside the tonsil, none on the right side. The thyroid 
was enlarged. A spinal puncture was made, the fluid was under moderate 
pressure, was slightly bloody and turbid, and 20 c.c. were obtained. Ten c.c. 
of unactivated serum were injected intraspinally and 25 c.c. intravenously. 
6 : 30 p. m. — She was comatose, the head was retracted, and she was markedly 
cyanotic. There was a mucous rattle in the throat. The excursion of the 
thorax was slight, the diaphragm immobile. There was a relaxation of the 
abdominal walls. 7 p. m. — The patient died. 

Case 955.— W. N., a boy, aged 13 months. (Patient of Dr. H. U. Brannlich, 
Davenport, Iowa.) 

Sept. 13. — The child had been perfectly well until 2 a. m. 3 days before, 
when he vomited, had high fever and was cross and fretful. The fever con- 
tinued for 3 days and the condition was thought to be la grippe, since other 
members of the family had had similar attacks. The afternoon before he had 
been unable to sit up and constantly fell forward. There was marked weakness 
of the muscles of the neck and the legs. 9 p. m. — The temperature was 99.8. 
There was flaccid paralysis of the lower extremities and marked weakness of 
the muscles of the back, the neck and the left arm. He was fretful and 
irritable and when handled appeared to be in pain. The tonsils were rather 
large. There was a large lymph gland on the left side of the neck outside the 
tonsil, none on the right side. A spinal puncture was made, the fluid was 
under pressure, and 20 c.c. were obtained. Cell count 133, globulin test + +. 
Six c.c. of serum were given. 

Sept. 14. — The temperature was normal and there was less restlessness and 
no extension of paralysis, otherwise but little change. 

Oct. 15. — Marked improvement. The child was able to stand erect. 



Treatment of Poliomyelitis with Immune Horse Serum 415 

Case 957.— L. S., a girl, aged 9 months. (Patient of Dr. S. G. Hands, Daven- 
port, Iowa.) 

Sept. 14. — The child became ill 5 days before with fever and vomiting. The 
temperature the second day was 99.2. She appeared drowsy and slept most 
of the time with head retracted and eyes partly open. The left leg was 
weak for two days. 10 : 30 a. m. — The left leg was almost completely paralyzed. 
The right eye was turned in and there was marked weakness of the muscles 
of the neck and back and she was unable to hold up her head or sit up. The 
tonsils were large. The throat was diffusely hyperemic with profuse secretion 
in the pharynx. There was 1 lymph gland on either side just outside the tonsil. 
A spinal puncture was made, the fluid was under pressure and 10 c.c. were 
obtained. Cell count 30, globulin test + +. Six c.c. of serum were given. 

Sept. IS. — There was no extension of paralysis. 

Oct. 15. — Marked improvement was noted soon after administration of the 
serum. 

Case 959.— D. C, a girl, aged 12 months. (Patient of Dr. C C. Sloan, Moline, 
Illinois.) 

Sept. 14. — The child was taken sick 4 days previously with high fever, vomit- 
ing and diarrhea. The abdomen was distended, the stools green and of foul 
odor. There was marked depression and a tendency to sleep constantly with 
the head retracted. Paralysis of the lower extremities appeared the day before, 
and difficulty in swallowing began in the morning. 4 p. m. — There was com- 
plete flaccid paralysis of the lower extremities, the knee jerks were absent. 
She was comatose and cyanotic, there was a mucous rattle in the throat, and she 
was unable to swallow. The upper portion of the chest was paralyzed. She 
was restless and the eyeballs and muscles of the hands twitched. The extremi- 
ties were cold. There was retraction and rigidity of the neck. The temperature 
was 104, the pulse was not obtainable. A spinal puncture was made, the fluid 
was under pressure and 10 c.c. were withdrawn. Cell count 58, globulin test 
+ +. Six c.c. of serum were given. 5 p. m. — The restlessness had disappeared ; 
she had fallen asleep with eyelids closed. The twitching of the hands had 
disappeared. 10 p. m. — The patient died of respiratory failure. 

Case 960. — E. S., a girl, aged 16 years. (Patient of Dr. C. F. Cron, Long 
Grove, Iowa.) 

Sept. 15. — The patient had had severe headache, fever, and dizziness with 
repeated vomiting the afternoon before, in the night and almost constantly 
during the next forenoon. There was marked weakness of the legs ; paralysis 
of the left side of the face, and external strabismus of the left eye. Inability 
to swallow began in the night. 9 a. m. — The voice was husky and tremulous. 
The patient tossed about in attempts to swallow. She vomited a large amount 
(fully 2 quarts) of mucus containing discolored blood, at frequent intervals. 
There was cyanosis, intense thirst, air hunger, and she was entirely unable to 
swallow. The eyes turned sharply inward, the head was retracted, and the neck 
stiff. Kernig +. The knee jerk on the left side was normal, but absent on the 
right side. There was a large amount of secretion in the pharynx. The 
tonsils were of moderate size ; a palpable lymph gland was noted on either 
side. Marked Babinski. There was complete paralysis of the left side of the 
face. She was unable to open her mouth more than 1.5 cm. There were marked 
weakness of the extensors of the left arm. Expansion of the chest was limited. 
The temperature was 103. A spinal puncture was made, the fluid was under 
increased pressure and distinctly turbid, and 15 c.c. were obtained. Cell count 
344, globulin test + + +. Twelve and one-half c.c. of serum were given. The 
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patient was quieter for several hours after the injection then became restless 
again and died 6 hours later of respiratory failure. 

Case 963.— M. S., a boy, aged 3 years. (Patient of Dr. D. G. Kreul, Daven- 
port, Iowa.) 

Sept. 16. — The child was restless and irritable and unable to sleep 4 nights 
before. The next day he complained of pain in the throat, he was irritable 
and feverish in the morning, with high fever at night. The following night 
he vomited 3 times, and was restless and unusually drowsy. The next day 
there was marked jerking of the muscles and weakness of the muscles of the 
neck and arms developed during the night. 11:50 a. m. — The child was 
extremely ill. His face was alternately flushed and pale, and he lay with head 
retracted and eyes turned in sharply. There were marked twitchings of the 
eyeballs. He cried out at frequent intervals and threw himself from side to 
side. Attempts to flex the head caused pain. Kernig marked. He was 
tremulous and unable to stand because of weakness of the legs. The right 
knee jerk was obtainable, the left absent. He could not hold up his head. He 
had great difficulty in swallowing and there was a mucous rattle in the throat. 
The muscles of the chest apparently were not affected. Both arms were very 
weak and he was unable to bring his hands to his mouth. There were coarse 
rales over the chest. He was semicomatose. The temperature was 103.5. A 
spinal puncture was made, the fluid was under increased pressure, clear, and 
3 c.c. were withdrawn. Cell count 277, globulin test + + +. Ten c.c. of serum 
were given. 12 : 22 p. m. — The child was quieter. Nystagmus and strabismus 
were less marked. 8 : 30 p. m. — The child appeared brighter and was undoubt- 
edly better. The twitching of eyeballs and the strabismus were gone. The color 
was good. He could swallow without difficulty. Respirations were normal, 
the head less retracted, the face symmetrical. The muscles of the neck were 
undoubtedly stronger but there was no change in the weakness of the arm. 
Six c.c. of serum were given. 

Sept. 17, 12 m. — He slept quietly. The retraction of the head was less marked 
and the alternate flushings and pallor had disappeared. The pupils were equal. 
There was no strabismus. Excursions of the chest were normal. The pupils 
were equal. He was interested in the surroundings. The left knee jerk was 
barely obtainable, the right slightly plus. Kernig less marked. The muscles 
of the neck were stronger, the arms were weak. There was no extension of 
the paralysis. Six c.c. of the serum were given. 

Sept. 18, 12 m. — The child slept well the night before. His color was good. 
He was able to hold his head erect when in a sitting position. He had no 
difficulty in swallowing and could bring his left hand to his mouth. The 
knee jerk on the right side was normal, on the left side diminished but obtain- 
able. Five c.c. of serum were given. 

Sept. 20.— The child was much brighter. The right eye tended to turn inward 
at intervals, the face was symmetrical, there was no difficulty in swallowing, 
the head was held erect when in sitting position. He could move his arms in 
every direction but there was slight weakness. The knee jerks were normal. 

Oct. 15. — There was marked improvement in muscle function. 

Nov. 8. — Complete recovery assured. 

(Temperature and pulse curves, Chart 3.) 

Case 967. — L. B., a girl, aged 7 years. (Patient of Dr. M. S. Jordan, Clinton, 
Iowa.) 

Sept. 17. — Two weeks before the child became ill with vomiting, projectile 
in character, high fever, and severe headache. She was extremely restless, and 
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tremulous. She was mentally apathetic, drowsy, and then semicomatose with 
retraction of the head. The extremities were spastic. 11 : 45 p. m. — The tem- 
perature ranged from 99 to 103. She lay in bed, comatose, with the head 
retracted, and could not be aroused. Tache cerebrale was marked. Knee jerks 
were absent. Marked Kernig and Babinski signs. The muscle tonus of the 
arms was increased. There was almost complete flaccid paralysis of the right 
leg, and combined flaccid and spastic paralysis of the left. The tonsils were 
normal in size, and there were enlarged cervical glands outside of both tonsils. 
There was much mucus in the pharynx. A spinal puncture was made, the 
pressure was not increased, and 10 ex. of clear fluid was obtained. Cell count 
SO, globulin test + +. 

Sept. 18, p. m. — The patient was comatose and weaker. Ten c.c. of unacti- 
vated serum were given. 

Sept. 19. — The patient died. 

Case 978.— F. E., a girl, aged 3% years. (Patient of Dr. P. H. Wessel, 
Moline, Illinois.. 

Sept. 24. — Four days previously the child had had headache, pain in the back 
of the neck, twitchings of the muscles and high fever. The temperature was 
103.S, the pulse rapid. The fever continued high for 3 days. Weakness of left 
leg was noted 2 days before, more marked the following day. 4 : 30 p. m. — There 
was almost complete flaccid paralysis of the right arm and left leg and the 
muscles of the neck were weak. The tonsils were diffusely red, and pus was 
expressed from the pole of the left. There were 2 cervical glands outside the 
left tonsil, none on the right side. The temperature was 99, the pulse 120. A 
spinal puncture was made, the fluid was under pressure and 10 c.c. were obtained. 
Cell count 83, globulin test + +. Ten c.c. of serum were given. 

Sept. 25. — There was no extension of paralysis. The temperature and pulse 
were normal. 

Oct. 15. — The right arm and left leg were still weak. 

Case 980. — W. K., a boy, aged 15 months. (Patient of Dr. L. J. Porstman, 
Davenport, Iowa.) 

Sept. 24. — The child had recently recovered from whooping-cough. He had 
been generally ill, with fever, vomiting, and fretfulness for the past 3 days. 
Tremors and jerky movements of various muscles during sleep had been noted 
from the beginning of the illness. There was marked weakness of the muscles 
of the neck, and difficulty in swallowing was noted the day before. 4 p. m. — 
The muscles of the neck were completely paralyzed. The voice was extremely 
weak. The thorax was immobile, and the respirations were wholly diaphrag- 
matic. Expansion of the diaphragm on the left side was limited; there was 
marked pallor and he was unable to swallow. A marked weakness was present 
in the arms and in the left leg. The temperature was 100.6. He was stuporous. 
A spinal puncture was made, the fluid was slightly turbid, and 10 c.c. were 
obtained. Cell count 347, globulin test + + +. Twelve c.c. of serum were given. 

Sept. 25, 9 a. m. — The child was undoubtedly better, brighter mentally, the 
voice was stronger, and he could move his head from side to side. There 
was definite expansion of the chest. The temperature was 99.6, the pulse 105. 
1 : 30 p. m. — The condition was much changed. There was cyanosis, mucous 
rattle in the throat and coarse mucous rales over the right lung posteriorly. 
The respirations were 60 per minute. The temperature was 103, the pulse was 
extremely rapid. 

Sept. 26, 9 a. m. — The patient died. 
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Case 983.— G. F., a girl, aged 9 months. (Patient of Dr. F. O. Ringnell, 
Rock Island, Illinois.) 

Sept. 25. — The child was cross, restless, irritable and feverish 2 days before 
but felt quite well the day before. Between 9 and 10 p. m. the mother found 
that she could not hold up her head. There was marked jerking and tremor 
of the muscles of the left side of the body. Similar attacks occurred during 
the night. In the morning the left leg was weak and she was unable to move 
the right arm and the right leg. The temperature was 102.8. 4 p. m. — The 
head was retracted. She did not move the right arm and the right leg and they 
fell limply. The knee jerk on the left side was exaggerated, and absent on the 
right side. The eyes turned to the left. A spinal puncture was made and 
12 c.c. of fluid were obtained ; the fluid was bloody but this was traumatic, 
due to difficulty in getting into the spinal canal. Six and one-half c.c. of 
serum were given. 

Sept. 26, 3 p. m. — The mother said the baby rested quietly all the afternoon 
and night. In the morning the temperature was 102.5. She moved the right 
hand and leg, the latter with considerable strength. There was less rigidity of 
the neck. Attempts at flexion still caused pain. She looked brighter, the tem- 
perature was normal; 5 c.c. of serum were given. There was no extension of 
paralysis. 

Oct. 15. — Marked improvement. 

Case 985.— J. B., a boy, aged 3% years. (Patient of Dr. P. H. Wessel, 
Moline, Illinois.) 

Sept. 26. — Fever had developed during the night 4 days before. The child 
vomited the following evening, was constipated and had headache. There was 
jerking of various muscles of the body, pain in the right leg, and fever. He 
was very drowsy. Three days later (Sept. 26) there was marked weakness of 
the right leg. 2 p. m. — He complained of pain in the right leg, and was unable 
to walk. The temperature was 100, the pulse rapid. A spinal puncture was 
made and 10 c.c. of fluid were obtained. Cell count 222, globulin test + + +. 
Ten c.c. of serum were given. 

Sept. 27. — The temperature went to 102 during the night. In the morning 
the temperature was normal. The paralysis was not extended. Definite improve- 
ment had occurred in the power of the right leg. 

Oct. 15. — Some weakness of the right leg was still present. 

Case 995. — I. R., a girl, aged 11 years. (Patient of Dr. L. F. Sullivan, 
Donahue, Iowa.) 

Sept. 27. — The girl broke her right arm in a fall 5 days before. She felt ill, 
had a headache and some fever. There had been pain in the left leg for 2 
days, thought to be due to the fall. 7 p. m. — The weakness of the left leg was 
marked and the neck was slightly rigid. The knee jerks were absent. The 
temperature was 100. 

Sept. 28, 2:30 a. m. — There was marked flaccid paralysis of legs and arms, 
she could barely rotate the left leg and was unable to lift it in extended posi- 
tion. She was just able to lift the right foot from the bed with the knee 
partly flexed. She could not flex the left leg at the knee. There was marked 
weakness of the extensors and flexors of the left forearm and undoubted weak- 
ness of the right arm, but accurate tests could not be made on account of 
the fracture of the forearm. She could move the muscles of the arm but with 
very little strength. The knee jerk and plantar reflex were absent on the left 
side; on the right side they were delayed but obtainable. A spinal puncture 
was made, the fluid was under moderate pressure and 15 c.c. were obtained. Cell 
count 97, globulin test + +. Twenty c.c. of serum were given. 5: 30 p. m. — No 
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extension of paralysis had occurred. The right leg was possibly a little weaker. 
The grasping power of the left hand was undoubtedly greater than the night 
before. She could move her arms in all directions. Fifteen c.c. of serum were 
given. 

Sept. 29. — Grasping power of the left hand was increased. The power of 
extension at left wrist was increased. The power of biceps, triceps, and deltoid 
muscles was also increased. The knee jerk on the right side was obtainable, 
on the left absent. Plantar reflex on left side was obtainable. There was 
undoubted improvement in the strength of the right leg, but no change in the 
left. Ten c.c. of serum were given. 

Oct. 16. — There was marked improvement, complete restoration of muscle 
power except in left leg, which also showed improvement. 

Case 1008— C. G., a girl, aged 11 months. (Patient of Dr. G. T. Joyce, 
Rochester, Minnesota.) 

Oct. 12. — Three days previously the child vomited and had a severe con- 
vulsion which lasted 4 hours. This was at first attributed to teething. She 
was extremely nervous and restless, and had jerky spells and twitchings of 
the muscles during the night and forenoon following the convulsion. She 
then became listless and drowsy, took no notice of things and slept most of the 
time. A doubtful weakness of the right arm first noticed 24 hours previously. 
12 m. — There was undoubted weakness of the right arm and right leg and the 
muscles of the right side of the face. She could move both the right arm 
and the right leg but her strength was diminished. The knee jerk on the 
right side was diminished, on the left side normal. There was a tendency 
to fall to the right when she sat up. The neck was rigid and attempts to 
flex the head caused pain. 2 p. m. — There was undoubted extension of the 
paralysis. The right side of the face was more drawn, and there was no power 
whatever in the right arm and right leg. She was not able to pull the arm 
or leg away when the skin was pricked in giving the serum. She continued 
listless and took little notice of things. The tendericy to fall to the right when 
sitting was more marked. The spinal fluid«was clear and 2 c.c. were obtained. 
Cell count 8, globulin test + +. Ten c.c. of activated serum were injected 
intravenously. 7 : 30 p. m. — The right side of the face was less drawn. She 
appeared brighter, sat erect without falling to the right, and moved the right 
arm and leg. 

9:30 p. m.— Improved. Ten c.c. of serum were given. The child had con- 
siderable power in the right forearm and succeeded in dislodging the needle 
from the small vein at the wrist in spite of the fact that the arm was held 
by a trained assistant. There was marked power in the right leg, making 
intravenous injection difficult. 

The improvement after the injection of the serum was gradual. One month 
afterward the restoration of function of the muscles of the right leg, back, 
and the right side of the face was complete. Slight weakness of right hand 
was still present but has since disappeared. 

Case 1024.— N. F., a boy, aged 2 years. (Patient of Dr. M. Bachman, Lake 
Park, Iowa.) 

Nov. 3, 1917. — The illness began 2 weeks before with high fever, coryza and 
a moderately sore throat. He had been constipated but did not vomit. He was 
hoarse and had fever for 4 days. The temperature was then normal. Marked 
weakness of the legs, especially the right, and the back began on the 4th day. 
Weakness of the right arm was first noted on the seventh day. There was 
little or no improvement, he could just stand but cried from pain when made 
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to take a step with support. He was pale, still very restless, cross and irritable, 
and complained of pain in the legs. He cried out while asleep and was unable 
to roll over in bed. Pus was expressed from the left tonsil which was larger 
than the right. There were enlarged paratonsillar glands on the left side, none 
on the right. There was marked weakness of the right leg, the right knee jerk 
was barely obtainable, the left normal. He could move the right arm in all 
directions but with impaired power. 4 p. m. — The spinal fluid was under pres- 
sure, clear, and 8 c.c. were obtained. Cell count 16, globulin test + +. Twelve 
c.c. of unactivated serum were injected intravenously. 

Nov. S. — The parents stated that the child slept soundly without waking for 
5 hours following the injection of the serum. The pain had disappeared the 
day before. While lying down he kicked a hand with the leg in the extended 
position. He could walk and roll over in bed. He looked brighter and was 
more contented. The right knee jerk was more active. 

The improvement has continued, and complete recovery will probably take 
place. 

RESULTS 

Group 3. — Patients showing advanced paralysis at the time of 
serum treatment. In 25 patients the serum treatment was begun after 
advanced paralysis had already occurred. Of these 10 died, a mortality 
of 17%. However, in 7 of the fatal cases (Cases 937, 938, 949, 959, 
960, 967 and 980) the patients were moribund or markedly cyanotic 
from respiratory paralysis when the treatment was begun. Four of these 
(Cases 938, 959, 960 and 980) showed temporary improvement follow- 
ing the serum injection. In the other 3 fatal cases (Cases 942, 943, 
and 948) there was sufficient time for the serum to act. In all three 
temporary improvement followed the injection of one or more doses of 
serum. One of these (Case 942) was a baby 11 months old, semi- 
comatose with spasms 8 days after onset of the illness when the serum 
was first given. One (Case 943) was a boy, 2 years of age, with 
cyanosis, marked tremors, high fever, severe gastro-enteritis and begin- 
ning respiratory paralysis on the second day, at the time of the first 
injection. The other (Case 948) a girl, 11 years of age, had a fever, 
paralysis of the face, marked photophobia, ataxia, tremulousness, 
increased respiration and diminished knee jerk on the left side, on the 
third day, when the first dose of serum was given. The last 2 showed 
numerous characteristic abscesses in the tonsils containing the pleo- 
morphic streptococcus in enormous numbers. 

In the 15 patients who recovered, the paralysis did not extend per- 
ceptibly and in 8 (Cases 931, 932, 933, 934, 945, 963, 998, and 1008) 
a progressing paralysis appeared to be arrested. Marked early improve- 
ment as manifested by the drop in temperature and pulse rate and by 
restoration of muscle power or disappearance of other symptoms was 
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noted in 10. In 1 patient (Case 933) there was already moderate 
cyanosis from beginning paralysis of the muscles of the thorax when 
the serum was first given, followed by prompt early improvement and 
almost complete recovery. 

The ages of the patients in which there was advanced paralysis 
ranged from 9 months to 17 years, the average being 6 years. The 
average age of the 15 patients who recovered was 4 years; that of the 
10 patients who died was 7 years. The spinal fluid was under pres- 
sure in all but 2 patients (Cases 935 and 1008), it was clear in the 15 
patients who recovered and turbid in 4 of the 10 who died. The 
amount withdrawn ranged from 3-30 ex., the average being 13 c.c. 
The cell count ranged from 0-347. The average in the nonfatal cases 
was 104, in the fatal cases 209. The average for both was 156. The 
globulin content was increased in all but 1 patient in whom the puncture 
was made 2 weeks after paralysis had occurred. In one instance no 
fluid was obtained. The temperature of 4 patients was not taken at 
the time of the injection, in two it was normal, in the others it ranged 
from 99-104. The pulse was relatively rapid in most instances. The 
serum treatment was begun on the first day in 2 cases, on the second 
day in 4, on the third day in 6, on the fourth day in 8, on the fifth day 
in 1, on the eighth day in 1, and on the fourteenth day in 3. Only 1 
dose was given in 14 cases, 2 doses in 4, and 3 doses in 7. The amounts 
given in each case ranged from 6-36 c.c, the average being 17 c.c. 

Complete restoration of function has occurred or is already assured 
in all but 5 patients in this group. In these patients (Cases 935, 945, 
978, 995, and 1008) paralysis was extensive when the serum was first 
given and had existed 14, 7, 3 days, 1 day, and 1 day respectively. 
Improvement in these patients occurred in proportion to the prompt- 
ness of the serum treatment. Thus in the patients (Cases 935 and 
945) to whom the serum was given on the 14th and 7th days, respec- 
tively, improvement was slow, while in the others it was very marked, 
especially in the patient (Case 995) in whom the serum was given 
within 24 hours after the onset of rapidly progressing ascending paral- 
ysis, as was also true in the patient (Case 1008) with unilateral 
paralysis. 

Cases in which Serum Treatment Was Not Given 
The following protocols are illustrative of this group : * 

Case 1. — A. G., a young man, aged 26 years. For six days there had been 
vomiting and diarrhea with a temperature of 101-102. Four days previously 

* These data were obtained through the courtesy of Dr. Rendleman. 
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there was weakness of the left leg and arm, soon followed by flaccid paralysis 
of the left arm, leg and face. 

Aug. 13. — The patient was unconscious, cyanotic and the breathing was 
stertorous. The temperature was 101. There was no rigidity of the neck, and 
no Kernig. A spinal puncture made August 10 showed some increased pres- 
sure, cell count of 180 and globulin test +. 

Death from respiratory failure occurred August 14, 7 days after the onset 
of ascending paralysis. 

Case 2. — J. A., a boy, aged 8 years. The illness began during the day 
August 18 with fever and vomiting. 7 p. m. — He vomited every few minutes. 
The temperature was 104.2 by axilla. He was constipated and the bowel move- 
ment after an enema was very foul. The vomiting continued through the night. 

Aug. 19, 5 a. m. — Axillary temperature 105, pulse 160. He was cyanotic, the 
respiration was short and rapid and he was unable to swallow. Attempts to 
swallow water caused strangulation and convulsion. There was marked opis- 
thotonos during the convulsion. He resisted having the head lifted forward, 
but the rigidity was not constant, the muscles relaxed at times and the head 
came forward easily. He was semicomatose. The temperature reached 106 
and the pulse was above 160. He vomited a large amount of coffee-ground 
material. 

Death occurred from respiratory paralysis August 19, 24 hours after the onset. 

Case 3. — G. R., a boy, aged 2 years. 

Aug. 21. — The child awoke with some fever. He was constipated and vomited 
once at noon. The temperature was 102, the pulse 140. He lay on his back 
and objected to being disturbed. There was tremor of the extremities, and he 
walked with a limp in the left leg. He complained of pain when the left leg 
and the head were moved. The left patellar reflex was absent, the right present ; 
both plantar reflexes were present. 

Aug. 22. — The temperature was 101.5, the pulse 140; breathing rapid. Paral- 
ysis of the left lower extremity was almost complete. 

Aug. 23. — The temperature was 101-102. He was very restless, and cried 
out when moved. The pulse was rapid, the breathing rapid and short. The 
left leg was completely paralyzed, patellar and plantar reflexes of the right 
leg gone, but motion was still present. 

Aug. 24. — Both lower extremities were completely paralyzed. There was 
very slight movement of the toes of the right foot when the sole of the foot 
was stroked. Urination was frequent. He was unable to hold his head up 
when it was raised. 

Later history. — The fever continued 100-101 for 6 days after the paralysis 
was complete. The pulse was above 120 for 4 weeks, then gradually returned 
to normal. For 3 weeks he was restless and cried when moved. He slept 
very little at night. 

Oct. 17. — To date there had been no improvement of either lower extremity. 
There was absolutely no motion in the left and only the minutest movement 
of the toes of the right foot with stroking of the plantar surface. He could 
with difficulty hold the head erect when the body was supported. 

Nov. 7. — Death occurred from pneumonia. 

Case 4. — J. G., a boy, aged 5 years. 

Oct. 8. — The temperature the evening before was 102. The child vomited 
and was constipated. He was not seen by a physician until 3 p. m., when he 
was semiconscious and cyanotic. The respiration was 60 and stertorous. He 
was restless and resisted having his head lifted forward. The patellar reflexes 
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were gone, the plantar and triceps reflexes were present. There was no paral- 
ysis but a spastic condition of the upper extremities. The temperature was 
103, the pulse 160. During the examination the patient became distinctly worse. 
No sign of cranial nerve involvement could be detected but because of the men- 
tal condition it was impossible to tell whether or not he could swallow or talk. 
A spinal puncture showed the fluid under slightly increased tension. Cell count 
ISO, globulin test negative. A general examination failed to disclose any trouble 
in the chest or abdomen. The tonsils had been removed 2 weeks before. 

Death occurred at 6 p. m., 3 hours after the diagnosis was made and 24 hours 
from onset of symptoms. 

About 1 month previously I saw this patient as a suspected case with Dr. 
Weber. The symptoms at that time were due to tonsillitis, the attack resembling 
previous similar attacks. 

RESULTS 

Group 4. — Cases which occurred during the same epidemic but in 
which the serum treatment was not given. Altogether there were 23 
cases classified in this group. Nine of these patients died, a mortality 
of 35%. If the 7 fatal cases were included in which the patients were 
moribund at the time of the serum treatment, there would be 16 deaths 
in the 30 cases, a mortality of 53%. Complete data were not obtained 
in all of these cases, but in that available it was shown that the average 
age of the patients was 5 years ; the onset was practically the same as 
in those who were treated; it was often acute, with high fever, rapid 
pulse, and severe gastro-intestinal symptoms. The incidence of paraly- 
sis in this group of patients was 100%. Improvement in paralysis in 
those who lived was slow and slight as compared with those who 
received the serum treatment. 

DISCUSSION AND SUMMARY 

Intravenous injections were made to the exclusion of intraspinal 
injections for the following reasons: 

1. The best results were obtained by this method in the protection 
of monkeys against virus. The serum was activated for the same 
reason. 

2. Invasion of the nervous system in poliomyelitis is only a part of 
a more or less generalized systemic infection (Flexner and his 
co-workers). This was particularly true in this epidemic. Infection 
of the tonsils, the cervical and mesenteric lymph glands and the gastro- 
intestinal tract was often marked. 

3. The spinal fluid in poliomyelitis is known not to contain the virus. 
The disease process is situated chiefly in the depths of the cord which 
can best be reached through the circulation, particularly if lymph 
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drainage towards the spinal canal is promoted by the withdrawal of 
spinal fluid. 

4. Intraspinal injections of immune serum, human and horse, are 
known to be irritating and at times dangerous. They may produce, to 
quote Draper, "severe pictures of meningeal irritation, with vomiting, 
opisthotonos and sometimes convulsions." Peabody warns against 
intraspinal injections in patients who have already developed paralysis. 
Moreover, intraspinal injections of serum increase the susceptibility of 
monkeys to intravenous inoculation of virus (Flexner and Amoss). 
Hence, any good which follows intraspinal injections of immune 
serums occurs in spite of these primarly undesirable and at times prob- 
ably harmful effects. 

Altogether, 94 intravenous injections were made. In no instance 
was there a primary toxic action noticeable, and in only 6 (10%) was 
there later evidence of serum disease. If the temperature was normal 
no rise occurred, if above normal, an immediate drop without an initial 
rise was the rule, especially, early in the disease. In this respect the 
action of the serum differed from that following intraspinal injection 
of immune human (Zingher, Amoss and Chesney, Draper, and Pea- 
body) or immune horse serum (Nuzum and Willy) when, owing prob- 
ably to the toxic action of the serum on the meninges there is often 
first an initial rise in temperature and then a drop. 

The low incidence of serum disease in my series, 10%, as compared 
with the incidence of 33% in Nuzum and Willy's series, and apparently 
a more immediate beneficial effect, may be due (aside from an appar- 
ently more powerful serum, the agglutinating power being much higher, 
smaller doses being necessary to be effective) to the fact that intra- 
venous injections only were given. 

The exact mode of action of the serum is not definitely known. 
However, it is probably specific in nature and not due to nonspecific 
effects, because normal horse serum and the serum of Horse 3 (with 
and without cresol) injected with strains which had lost their specific 
antigenic properties had little or no protecting power against virus in 
monkeys. 

Altogether 58 patients with poliomyelitis, irrespective of the severity 
or type of the disease, were treated. Of these 10 died, a total mortality 
rate of 17%. Excluding 7 of the fatal cases in which the patients were 
practically moribund at the time of the serum treatment, there were 3 
deaths, a mortality of 6%, in 51 cases in which the serum had a fair 
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chance. This is in marked contrast to the 23 untreated cases, in which 
9 patients died, a mortality of 35%. Including the moribund patients 
as untreated, there were 16 deaths in 30, or a mortality of 53%. That 
the patients treated in the early stages were undoubted cases of polio- 
myelitis is indicated by the symptoms, the increased pressure of spinal 
fluid, the cell count, the positive globulin test, and by the fact that in 2 
cases not poliomyelitis in which spinal puncture was done no cells were 
found in the spinal fluid, and the globulin test was negative. One of 
these was an emaciated baby 9 months old with fever, vomiting, per- 
sistent diarrhea, green stools, and repeated convulsions. The other 
was a girl 5 years of age with severe headache, high fever, vomiting, 
full, rapid and bounding pulse, and enlarged, acutely infected tonsils 
from which cheesy plugs were expressed. Moreover, the findings in 
these 2 cases are in accord with those of Wells, who has found few 
or no cells and no increase in globulin in the spinal fluid of patients 
presenting symptoms in common with acute poliomyelitis. 

Paralysis did not develop in a single instance when treatment was 
begun before its onset, and all recovered. According to Draper (cited 
by Peabody) about 50% of proved cases develop paralysis if untreated. 
A comparison of the results of the treatment of preparalytic cases by 
immune human and immune horse serum is of interest in this connec- 
tion. Eighteen per cent of 54 patients treated by Zingher with immune 
human serum developed paralysis with no deaths. Twenty-nine per 
cent of the 14 patients treated by Amoss and Chesney developed paraly- 
sis and 14% died. Thirty-one per cent of 51 patients treated in 
Peabody's series developed paralysis and 10% died. None of 14 cases 
treated by Nuzum and Willy developed paralysis but 1, or 7%, died. 
In my series of 16 preparalytic cases none developed paralysis and 
none died. 

No extension occurred following the giving of serum in the patients 
who recovered and in whom paralysis was marked at the time of the 
serum treatment. In only 3 or possibly 4 patients, or 8%, receiving 
the serum will there be permanent impairment of function, and in all 
but one this will be slight. Wickman's 530 patients showed residual 
paralysis in 56% one and one-half years later. Massachusetts records 
cited by Draper show a permanent paralysis of 83%. The good effect 
was not due wholly to withdrawal of spinal fluid because the amount 
removed was relatively small in all cases and too small to have any 
possible effect in a number in each group which showed striking 
improvement. 
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The drawing of conclusions as to the exact value in this disease of 
any treatment is most difficult. Considering all the facts, however, the 
serum used appeared to have a prompt and powerful beneficial effect 
in a very large percentage of the patients treated. Its harmlessness, 
at least, is demonstrated and its use on a large scale indicated. The 
treatment should be given before paralysis has developed, hence early 
diagnosis by spinal puncture should be made. The course of this 
disease should be considered in terms of hours, not days, particularly 
now that there is available what appears to be a curative serum. The 
serum is of distinct benefit at least as long as postparalytic pains are 
present or the spinal fluid is positive. The strikingly favorable result 
Case 1008 indicates that the serum will be of value in the treatment of 
sporadic poliomyelitis. 

The fact that so many patients recovered completely in such a 
remarkably short time following injection of this serum indicates that 
the pleomorphic streptococcus is not merely a secondary invader but 
is in some way, as yet partially obscure, the cause of epidemic 
poliomyelitis. 
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